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This "Electronics Methodology" book was written in conformance 
with some of the selected criteria for "SNAP" type programmed instruc- 
tion books as developed previously for various military training 
courses. In conformance with the principle of utilizing the optimum 
approach in terms of both subject matter and the characteristics of 
the student body, the reading level, type of language and the format 
used have been varied between sections of this document. For example, 
one section on troubleshooting is clearly a scrambled book. Another 
is very "SNAP" -like. If the text were written for a younger or less 
mature group, the incremental steps would be smaller, etc. 

Application of this text to a high school population introduces 
a methodology for technical courses which emphasizes a troubleshooting 
strategy for repair of equipment based upon a logical and systematic 
gathering of symptoms, analysis of these, knowledge of the pyramidal 
structure of the equipment design, coupled with a strategy for 
isolation of the malfunction by levels from major subsystem to 
section to component, removal and replacement or direct repair of 
the component, and, finally, an operational check to determine that 
the equipment is performing satisfactorily. For purposes of illustrat 
ing the technique, a Zenith portable TV set has served as the vehicle 
for description of the system, the circuits and the troubleshooting 
strategy. The overlays for the "SMART" Trainer for this electronics 
course have been based upon a view of the overall block diagram 
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fox’ this set, plus views of four functional subsystem areas of 
it, This written document is divided into four volumes or 
sections — "The TV Story," "Schematic Symbols and Color Codes," 
"Within-Stage Troubleshooting" and f .,jsist8 s Readings; Their 
Calculation and Interpretation," In addition, there are workbooks 
for the students and course guides for the instructor. Sufficient 
materials are available to take a man with aptitude but no previous 
electronics training through to a level of at least an outside 
repairman. 

Since the backgrounds of the students at the initial partici- 
pating high schools — the Murrell Dobbins Technical High School, 
Philadelphia, Pa# and the Upper Bucks Comity Technical-Vocational 
High School, Perkasie, Pa,, in most cases include a year of previous 
training in electronics, some of the course material, such as the 
"Schematic Symbols and Color Codes" need not be used. For purposes 
of this experiment, the application of the methodology will take 
some 60 hours, due to this previous subject matter knowledge. 
Students in the experimental groups are expected to reach a high 
level of troubleshooting proficiency based upon this instructional 
system* If the course were to be given to a completely naive group 
in electronics, it would encompass some 12 to 16 weeks, depending 
upon the age, intelligence and cultural background of the students. 
It would, of course, have to include training in various physical 
dexterity skills, such as wiring and soldering, which the present 
student body is presumed to have already had. 
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THE IV STORY 



A. INTRODUCTION 

This is a story about how TV's work. You've probably watched 
TV all your life. We're going to talk about the insides of TV, the 

fl 

» guts 11 of it. lYou probably don*t know much about that, not many 
people do. Yet, if you are going to troubleshoot and repair TV 
sets, you* 11 have to learn something about how they work. As you 
read this, you will be asked to fill in some blanks, or to select 
among some things the best one answer to some questions we will 
ask you. You should be able to answer the questions with little 
trouble. If you have trouble, go back and re-read. It might be 
that you have forgotten. Be sure to write in the answers that you 
are sure of. If you write them in, it helps to make the facts stick 
in your mind. OK, let*s begin. 

TV f s come in all sizes, shapes and colors. Some are portable; 
some are in combination with stereos; some work off of batteries. 

We cannot tell you how every TV works. That would take longer than 
either you or we have to spend. What we will tell you about is how 
a particular TV works, and adcyou to believe that all similar TV f s 
work just about the same way. We are going to be talking about a 
black and white, tube type, portable television receiver. The 
circuit functions in this type of TV can be found in other TV*s 
of the same type. 

By function, we mean the performance of specific operations, 
not a mathematical expression like Y = X2. For instance, our larynx 
or voice box produces the sound which our mouths and lip and tongue 



% 



convert to speech. The function of the larynx is to produce the 
sound. Similarly, two different TV's will have circuits which 
perform the same function or operation, but will not necessarily 
have identical parts in them. The circuit arrangements of the 
parts may be quite different but their functions may be identical. 
So, when we talk about circuit functions, we will be describing 
the net effect of the parts which are assembled in the set to 
produce the desired function. 

B. CONTROLS: 



In all modern television sets, the picture is drawn by a pencil j 
point of light. This pencil point beam of light is projected against j 
the face of the picture tube, I ■ I . It can be deflected (moved) up j 
or down or to the right and left, SdEt 1 # j 

j 

Just as a pencil can he sharpened to make a fine line, so can ] 
the beam of light in the picture tube be focused to produce a tiny, j 
fine spot . *= J or a soft, round one \J • 



When the spot is tiny and fine, a sharply-defined, clear-cut, 

pmmm. z~ szzwtzza 

distinct line can be drawn . If the spot gets soft and round, 
a blurry indistinct line is drawn . In order to make a beam 

of light pen point sharp or soft, an adjustment called a focus j 

adjustment or control is used. 



There are several methods used to focus a picture tube: (1) Elec- 
trostatic, which uses an internal grid in the tube called a focus 
grid. The type of adjustment used in conjunction with this type of 
focusing is either a focus control or a multi-position terminal 
strip. This provides a means of placing different voltage potentials 
on the grid which control the focus*, (2) Electromagnetic focus, which 
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consists of a coil around the neck of the picture tube, thus 
providing a magnetic field# This magnetic field is varied by an 
adjustment called a focus control? (3) Permanent magnetic focus - 
this is a permanent type magnet around the neck of the picture 
tube. Its magnetic field is varied by an adjustment screw on the 
magnet# The type of focus adjustment which we will he concerned 
with is the multi-position terminal strip type because the Zenith 
T.V. Set we are using incorporates this type# 



Now, in order to deflect (move) this spot of light up or down 
and right or left on the picture tube, there must be some means to 
control this? (1) One way is called Electrostatic Deflection and 
makes use of internal deflection plates in the picture tube. Two 
sets of plates are used to move the beam in the picture tube* The 
placement of the plates are in parallel and at right angles to each 
other in sets of two, as shown here E3 (Plates) • The plates that 
are at right angles to the other EZB are the plates used to vary 



the spot of light from right to left, and the plates that are hori- 
zontal HID vary the spot of light up and down? (2) the other way 
of varying the spot and the way we are concerned with, is called 
Electro-magnetic Deflection# Here, two pairs of coils called the 
yoke are placed around the neck of the picture tube and these coils 
control the movements of the spot up or down and left or right# 



As the name implies, a magnetic field controls the movements# This 
is the type of deflection we will be using# The two types of 

deflection, then, are — • 

Yes, we use electro magnetic in this case. 
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Again, let us get bade to the focusing, if we put a varying 
current input through these coils, a varying magnetic field will 
result, This magnetic field will push and pull the spot up or down 
and left or right. If this magnetic field were to he varied extremely 
fast in a uniform manner in all directions, an illusion that the 
whole face of the picture is lighted would occur. This is called 
a raster. If this spot is not finely focused, the picture tube 
face appears to he blurry. In other words, we should get a raster 
which looks like we drew a hunch of orderly lines called scanning 

<s*rw 

lines, , 

In order to keep these lines orderly, we are provided with 
different types of controls. By the way, there is a term used to 

define this orderly logical fashion which is called "Aspect Ratio;” 

0 

and it denotes the ratio of the picture width to the pictured 
height. Now we are concerned with controls; however, these controls 
are: (1) Vertical Size, usually located in the hack of the T.V,, 
which controls the scanning lines in such a way that if an image 

were on the screen, it would look too tall or 'too short (an adjust- 

0 • 

ment to correct this condition can he made) $ (2) Vertical Linearity 
(this also is in the hack of the T.V.) controls the scanning lines 
in such a way that if the picture were compressed at the top or 
bottom, this would correct this condition; (3) Vertical Hold (this 
is in the front of the T.V.) control adjusts the up and down move- 
ments, called rolling, so that the picture can he made stationary 
to the viewer; (*+) Horizontal Width (located in the hack of some 
T.V. Sets and eliminated on some others) controls the horizontal 
dimensions by either squeezing or lengthening the scanning lines. 
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In the Zenith, a sleeve which moves in ana out of the yoke is used 
to control the width; (?) Horizontal Linearity (located in the hack 
of the T.V.) controls the distortions in the horizontal scanning, 
and this distortion is depicted by the scanning lines being squeezed 
more on either side of the picture tube. (There isn't any control 
like this on the Zenith T.V. being used); (6) The Horizontal Hold 
(located in the front of the T.V,) adjusts the picture, so that it 
is stationary and not moving from side to side or appearing like 
Venetian blinds to the viewer; (7) The Brightness (located in front 
of the T.V.) controls how bright the face of the tube is. In other 
words, how bright the face of the picture tube is illuminated. It 
is sometimes called the static condition of the picture tube; 

(8) The Contrast (located in front of the T.V.) controls the shades 
of grays in the picture; this is referred to as the dynamic con- 
ditions applied to the picture t '.be ; (9) An A.G.C. (Automatic Gain 
Control) (located in the back of the T.V.) is sometimes incorporated 
in T.V. Sets to compensate for various signal strengths; that is, 
if you are in an area where the signal is very strong or weak, the 
A.G.C. can be decreased or advanced to retard or aid the signal, 

(10) The Volume Control (located in front of the T.V.) adjusts the 
loudness of the sound; (11) The Buzz Control (located in the back 
in some T.V. Sets) is used to reduce intercarrier Buzz and distor- 
tion and is used in the T.V. studied here; (12) Another control 
sometimes used and located on the neck of the Picture Tube is called 
a Centering Control, and it is a ring with two tabs. The purpose 
of this control is to center the picture by moving it left or right 
and up or down; (13) It should be mentioned' that the Yoke has 
another function and that is to control the tilt in the picture, 



so if the picture looks like it is going up hill or down hill, 
the Yoke can eliminate this problem; (1^) The Channels are selected 
by a 13-position switch on the front of the T.V. This controls a 
coarse tuning of the channels* Another control used in conjunction 
with the Channel Selector is a control used to align the sound with 
the picture* This is called a fine tuner. 

We won't ask any questions at this time because, in most cases, 
you are familiar with these controls, and, for the others, we have 
more explaining to do* 

C. SYMPTOMS ANALYSIS 

When you turn a set on, you get a picture and sound* If you 
don f t have one or the other, that 1 s a symptom. Symptoms can localize 
the TV trouble to the "sound" parts or the "picture" parts. . .they* re 
in separate areas of your TV* When you've used a symptom to 
localize the trouble, you've made a diagnosis. 

This overview of a TV set is given so you will know what 
symptoms to look for. Sound and picture are pretty obvious... so 
are the others when you know what to look for. 

After you turn the TV on, you tune to a channel. Your TV selects 
a certain channel (or broadcasting station) out 'f all those that are 
broadcasting in your area at the same time. The broadcast SIGNAL 
contains both picture and sound and something else. We 1 !! get to 
the something else later. If you're missing both picture and sound, 
that's a symptom. This SYMPTOM is different from the ones for a 
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missing picture or for missing sound* This means you can localize 
the trouble in your set with this SYMPTOM* 

We're going to talk about this area now... it starts with the 
antenna (often a rabbit ear) that picks up all broadcast signals | 

and goes through the TOMER (selects one station's signal) to the 
point where the picture part of the signal is separated from the j 

sound part, j 

Let's say a couple words about the antenna. Rabbit ears (some 
sets have two; the one you will work with has only one) are OK in j 
cities near the broadcast station. The signal doesn't have to j 

travel far and is strong enough to be picked up by small rabbit j 

ears inside the building. Farther away from the station, outside j 

, 

antennas are needed, and the antenna has to be rotated for best j 

signal. Sometimes reception can be Improved by moving rabbit ear 
antennas around to different locations in the room. 

So these are the ways of bringing a broadcast signal up to the 
strength needed. Once the antenna picks up broadcast signals, they 
are sent to the TUHER. The tuner chooses the broadcast signal that 
the channel selector is set to. It amplifies that signal which you 
want and no other... and that's how it tunes... all the other signals 
come in to it from the antenna but only one gets amplified enough 
to be useable in the TV. But this signal needs still more amplifi- 
cation. However, before it is amplified, it's going to have to be 
cut down in frequency, but it will still contain the original informa- 
tion of the station that sent it. It's going to be brought down to 
an intermediate frequency (IF) and this IF will have the same j 
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intelligence (information riding on its signal that the RF signal 
had). And regardless of what its exact RF frequency was (each 
station has a different RF frequency) , it will he heat down to 
one same IF frequency* tut the intelligence will he the intelli- 
gence from that RF signal, (We want only one IF because it ! s 
cheaper to huild an amplifier that has to amplify only one fre- 
quency rather than several,) 



Here is how the TV set brings any one of several RF frequencies 
down to one intermediate frequency (IF) , Watch this block diagram 



as you read. 
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Hr 270 spg two new circuits } the OSCILLATOR and bile MSQIR. Wq 
talked about the channel selector tuning the RF tuning circuit. 



Kellj it also tunes the OSCILLATOR (that dashed line means a 
mechanical connection... like a metal shaft going right into the 
electronic circuit. The solid lines represent an electronic 
signal.. .of any type. The arrow shows the direction of flow.) 



When the RF is mixed with the oscillator signal} you get a 

signal which is the difference between them. If the RF was 1000 

(Notes these numbers are only for easy arithmetic since the actual 

frequencies are much higher) and it is mixed with an oscillator 

< 

signal of 600, the difference is 400 (IF), Now you can see how 



we can always get the same IF# We control both the RF and the 
oscillator with the same channel selector# When the channel 
selector is set on number J? that tunes in an RF of 1020 ? say* So- 
ws have the same channel selector shaft set the oscillator for 620 

and we get as the difference# All the channels are set in a 

similar way — to get the same IF for any RF. Now we amplify this 
IF with an amplifier designed for that one frequency. OK? 

Now we f ve gone from Antenna to IF amplifier# This is the area 
of the set which contains the malfunctioning part when you get the 
symptom that both sound and picture are missing* Get it? After 
the sound and picture separate, they go their separate ways. If 
you get a symptom that the sound is bad but the picture good, the 
malfunction is in the sound circuits, not here. If both sound and 
picture are missing, look here for the trouble. 

Now let f s separate out the sound, picture and that something 
else (which is the synchronizing signal for the picture) . 



After two or more stages (tubes) of IF amplification, the signal 
is sent to the detector. 



AMP. I 





The detector detects the video, sound and something else from the 
IP which has teen riding on the IP signal) and throws away the IP. 
The RP and IP are just carriers to bring the other signals through 
the air from the station and then to the detector. They've done 
their job now, so we don't need them anymore. 
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The video amplifier is a combination amplifier of video and 
rejector of sound and the something else. The video is sent 
directly to the picture tube from the video amplifier. The sound 
is shunted off to the sound circuits, and from there to the loud" 
speaker. And that leaves us with the ’’something else 1 * which is 
called the synchronizing pulse or sync signal. 

This is the one you know least about. You can't see it or 
hear it on the T.V. set. But you can see what happens when it is 
malfunctioning (another symptom). The picture will twist, rock and 
roll when the malfunction is in the synchronizing circuits. The 
synchronizing signal is supposed to keep the picture straight, and 
when it doesn f t, you* 11 know it. There are several synchronization 
symptoms. Twist is one; roll is another and each can help you diag- 
nose the trouble to a particular area (a group of parts attached 
to the tube). There are two kinds of sync (synchronizing) pulses; 

c 

Horizontal and Vertical. The horizontal pulses synchronize the 
sweep of the picture across the picture tube. The vertical pulses 
are used to synchronize the up and down action of the picture. 

m 

Synchronize means ’’make things work together”. The things being 
made to work together in this case are the picture on your TV and 
the picture coming from the TV camera in the broadcasting studio. 

The picture you see is actually the path of a spot of light 
that starts at the upper left hand corner of the screen and moves 
in a slightly slanted straight line across to the right, and then 
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jumps back to a point slightly he low where it started and traces 
another slightly slanted path. It keeps doing this until the whole 
face of the tube has been covered. The light moves so fast that 
you can't see it move. The horizontal circuits control how fast 
and how straight the path is from left to right. The vertical 
circuits control how fast the spot moves toward the bottom. Of 
course the spot is changing its intensity as it moves, according 
to the strength of the video. 

The horizontal oscillator produces the signal which moves the 
spot from left to right. Without a vertical oscillator, the 
picture would be reduced to one straight line across the middle 
of the picture tube. The vertical oscillator produces the signal 
which moves the spot from top to bottom. Without the horizontal 
oscillator, the picture would be one straight vertical line in the 
center of the picture tube face. 

Now, the T,V, receiver oscillators do this regardless of 

whether a picture is sent or not. When you tune in a '’blank 11 

channel, you sde the RASTER produced by this moving spot controlled 

by horizontal and vertical oscillators. To put a picture on, the 
% 

horizontal and vertical oscillators have to be synchronized or 
locked into the rate produced by the TV station. So, the sync 
signals obtained from the transmitted TV signals are used to 
control the frequency of the horizontal and vertical oscillators. 

In American TV receivers, there are slanted lines on the picture 
tube. When TV was still under development, engineers found that 
if all the lines were placed on the screen one after the other, 
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there was a disagreeable flicker noticeable. They found they 
could eliminate this, flicker by "interlacing” the lines, That is, 
instead of line "two" following line "one," they made line "three" 
follow line "one," When all the odd-numbered lines were on (called 
the odd field) they started the even field with line "two," then 
"four," etc. They wound up wibh two fields, odd and even, inter- 
laced like your fingers would be if you clasped your hands together. 
Again, all this happens so fast you can f t see the separate fields, 

but they are there. 

If the vertical sync pulses should fail to control the /ertical 
oscillator, the result would be a "rolling" of the picture, 
vertically# If the horizontal circuits failed to sync, the picture 
would appear to be a series of dark bands, diagonally across the 
screen, either from left to right or right to left. 

The picture might be synchronized with the TV station in 
vertical and horizontal, but it may look strangely distorted. The 
distortion could be due to a misadjustment of linearity controls. 
Linearity is keeping known proportions constant wherever the 
picture may be on the screen, Let*s see some examples. Fig, i 
shows a square located in the center of the picture tube. If we 
could see the same square on the left and right, they would look 

like this; 



but that the height stays the same. This is a case of horizontal 






Notice that it seems to get thin on the left and fat on the right, 
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non-linearity, and is caused 1?y the spot moving faster at the 
right hand side of the screen than at the left. 



a b ^ 

Fig, 2 

Figure g shows a case of vertical non-linearity. The square 
looks tall in »a u hut short in ,f c,» This is caused by the spot 
moving more rapidly downward at the top than at the bottom, crowding 
more lines together at the bottom and spreading them out at the 
top. There are two controls that work together in adjusting the 
vertical presentation — the vertical height and vertical linearity, 
(This affects the top of the picture most,) The height control 
is for changing the whole picture displaced, as in Pig, 2, But the 
bottom of the picture is usually affected more than the top. 

Many sets are so badly adjusted in height, that tops of heads 
are cut off or feet are missing. Usually adjusting height will 
require an adjustment of vertical linearity and vice versa. It*s 
important to use a test pattern td make these adjustments because 
it is standard and does not require the judgment as to goodness of 
proportion you would have to use otherwise. 

Some sets have both horizontal linearity and width controls. 
These serve the same function but are not so closely related as 
are the vertical. 

Each time a complete field is placed on the screen, the spot 
puts on 262.5 lines. So each even field has 262.5 lines and each 
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odd field has the remaining 262,5 lines, There are thirty even 
and thirty odd fields each second, interlaced. It takes l/60th 
of a second to put one field on the screen. Therefore, in one 
second, the spot will run through 60 x 262,5 * 15?750 lines. 

You have seen that the sync signals are needed to get the 
picture on the tube at the right time and place. But there are 
more than sweep voltages and video needed. To see what else is 
needed, we*re going to consider the picture tuhe itself. The 
spot of light that moves across the tuhe face is actually caused 
hy a stream of electrons striking a phosphorescent surface on the 
inside of the tuhe. You can f t see the electrons themselves, hut 
when enough of them strike this surface at a high enough speed, 
the surface produces light. The electrons themselves are hoiled 
off of a piece of metal inside the neck of the tuhe called a cathode. 
The cathode is heated hy a heater carrying an electric current. 

These electrons would just hang around the cathode if it weren f t 
for some other things in the tuhe. One of these is the first 
anode located just ahead of the cathode toward the tuhe face. 

This anode is connected to a positive voltage and attracts the 
negative electrons toward it. It also tends to concentrate the 
electrons into a beam. But the beam might not have enough push 
to get to the phosphor if it weren*t for the second anode. This 
is a conductive coating on the inner surface of the sides of the 
tuhe. It»s connected to an extremely high voltage, between 12,000 
and 20,000 volts, for example, and is high enough to pull the beam 
to the phosphor, and high enough to put you on the floor or worse. 
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DANGER , you can f t see the voltage, even though it f s there . The 
beam striking the phosphor produces a bright spot. But in order 
to produce a picture, the spot must vury in shades of gray. To 
get this, another element is inserted between the first anode and 
the cathode# This is the control grid. It has a negative voltage 
on it. By changing the amount of negative voltage with respect 
to the cathode, the number and speed of the electrons in the beam 
can be changed. Since the spot brightness will vary with number 
and speed of electrons striking the phosphor, it is clear that the 
grid can be used to produce the grays that are needed for the 
picture. The cathode can also be used for this purpose, and many 
TV*s are so designed that the video is placed on the cathode, rather 
than on the grid. This kind of control just changes the number of 
electrons “boiled off ,f in each split second of time. 

We have noted that the spot must be moved from left to right 
and top to bottom, and that the horizontal and vertical circuits 
are responsible for doing it. These circuits are connected to 
coils, two sets of wire surrounding the neck of the TV tube. 

Together, they are called the YOKE. When a varying current flows 
through the horizontal deflection coil in the yoke, a varying mag- 
netic field builds up which changes the path of the electron beam 
within the tube and the spot moves from the midale of the tube in 
a horizontal direction. The path that the spot follows depends 
upon the strength and direction of the magnetic field, and, therefore, 
the current in the coil. The vertical circuit works the same way 
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causing another varying magnetic field to move the spot in a 
vertical direction, according to the strength and direction of 
the varying current in the vertical coil. 

The horizontal and vertical circuits control the movement of 
the spot through the magnetic fields set up by the yoke. 

You might ask where the high voltage comes from which is 
needed to pull the team to the phosphor. It comes from the 
horizontal circuits almost as a by-product. 

The horizontal output stage is connected to the horizontal 
deflection coils of the yoke by means of a transformer. One end 
of this transformer is connected to a high voltage rectifier# 

When the current in the horizontal deflection coil stops, the 
magnetic field it produced collapses and sends a high (about 2000 
volt) voltage pulse hack to the transformer. This is stepped up 
because of the high number of turns in the primary and is converted 
to direct current by the high voltage rectifier. The resulting high 
voltage is then applied to the picture tube. 

Another effect of the collapsing field is a series of oscilla- 
tions in voltage. These oscillations would get into the current 
producing the horizontal sweep, and the result would be vertical 
bars at the left side of the picture. To prevent this from happen- 
ing, a circuit called a damper is used. The damper removes all 
but the first of these oscillations. It also provides a higher 
source of voltage for use in other parts of the receiver, called 
a "B+ boost." 
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You will recall we said that the signal strength received at 
the location of the receiver from different stations depends upon 
distance from station and direction of antenna. It would he incon- 
venient if you had to adjust the volume and contrast or brightness 
controls each time you changed stations because one station was 
weaker than another. So automatic gain control circuits (AGC) 
were developed. This circuit senses the strength of the signal 
and automatically adjusts the amount of amplification given to it 
as it passes through the tuner and IP amplifier stages. 

The AGC receives its signal from the video detector stage. 

If this signal is very strong, it sends a voltage to the timer 
and IF amplifier which reduces the strength of the signal received. 
If the signal is weak, it sends a voltage back which increases the 
strength. The net effect is a rather constant strength of detected 
video. Keyed AGC makes use of the horizontal sync pulses, in that 
it is only during the interval of the horizontal sync pulses that 
AGC samples are taken from the video signal. Therefore, noise 
pulses occurring any other time cannot contribute to AGC action 
and the operation is more satisfactory. 

Remember that the TP signal contains sound, sync and picture 
portions. We now have to describe how the sound gets to the 
speaker. Remember the sound follows the same path as the picture, 
until it gets to the output of the video amp. Here it is prevented 
from getting into the TV picture and is sent to the sound limiter. 
The sound portion of the TV signal is an PM signal. That is, the 
sound intensity and frequency are all carried by changes in fre- 
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quency* rather than in amplitude, The picture signal consists 
of all amplitude changes. 

The sound circuits convert the FM signal into an audio signal 
for the speaker to reproduce as sound. Since the sound signal may 
have gotten some amplitude variations in it* the first thing to do 
is to eliminate them. This is done in the sound limiter* The 
next step is to convert the FM signal into an audio signal* This 
is done in the sound discriminator. The resulting output is a 
weak audio signal* which is then amplified in the sound output 
stage* passed through a volume control and fed to a speaker for 
reproduction. 

All voltages needed hy the receiver for its operation are 
supplied hy the line cord* plugged into the wall outlet. Some 
sets use transformers and vacuum tube rectifiers to produce the 
voltages from the AC line. Other sets do not. These use semi- 
conductor diodes for rectification. All sets require some amount 
of filtering of the power supply ripple left in the voltage after 
it has been changed to DC. Filaments may he supplied hy transformer 
windings* and when they are* they are connected in parallel. *When 
the transformer is missing* the filaments are connected in series. 

In this case, a failure of one filament disconnects all filaments 
from the source. 

Now let*s summarizes 

The antenna makes it possible to receive stations better than 
without it. The tuner selects the channel to watch, amplifies the 
selected TV signal and converts it to an IF signal for use hy the 



IF circuits, The IF now contains the same information it had 
when it was received, hut at the new frequency. The IF circuits 
amplify the signal and pass it to the video detector which removes 
the IF frequency, leaving only the information that was riding on 
the IF signals. The video is amplified and passed to the picture 
tube. The sound is passed to the sound circuits, and the sync 
pulses are sent to the sync separator. Horizontal and vertical 
sync pulses are separated out to lock in the oscillators producing 
the vertical and horizontal deflection voltages. These are applied 
to the deflection coils, which drive the video horizontally and 
vertically. The horizontal circuits also produce the high voltage 
needed by the picture tube to produce the spot. The AGO circuits 
compensate automatically for differences in received signal 
strength, and the sound circuit converts the FM sound signal into 

an amplified audio signal for the loudspeaker. Power is obtained 

0 

from AC line cord and is converted to DC for use by the receiver. 

Now let*s see what happens after this in the next section. 

D. THE VISUAL STORY 

You will recall that during the normal broadcast day, TV stations 
in any given area are transmitting at the same time, A natural 
question to ask is how can we receive any signal at all? The answer 

follows; 

X, Antenna , The antenna receives the television signal and 
passes it to the tuner. The Zenith TV has two antennas. 



The rabbit ears (some sets have two telescoping sections like 
this (?) and that is why they were called rabbit ears. This set has 
only one.) are “used for channels 2 * 13 (VHP) which stands for very 
high frequency. The loop is used for channels Ik - 83 CUHF which 
means ultra high frequency and is higher in frequency than very 
high frequency) . The quality of the reception often depends upon 

the placement of the antenna. 

Q # By moving the antenna into various positions, the quality 
of the picture can be improved. True or false. (When you have 
answered, turn to the next page.) 



Rabbit ears 
(Only one) 




V. H.F. ANT. 



U. HR ANT, 
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If you said true, you are right. 

Xf you said iaise , re-read the last paragraph# 

When the WF channel selector (that*s sometimes called the 
channel switch, or tuning control) is tuned to channels 2-13, 
the TOP antenna will have no effect on the picture. When the 
channel selector is placed at the TOP position, the rabhit ears 
will have no effect on the picture. Why should that be so? Think 
about this question for a minute; then look at the answer below. 

The channel selector switch disconnects the rabbit ears when 
tuned to TOF and disconnects the loop antenna (and TOP tuner about 
which you'll hear more later) when tuned to channels 2-13. 

Some TV's receive TOP and VHP on the same antenna. An external 
antenna mounted on the roof of the house can be used for improved 
reception in locations where reception would be poor for inside 

antenna. 

Q. Such locations are sometimes called: 

1. Binge 

2. Fringe 

3 . Hinge 



1, No, a binge is slang for too much of something, 

2, Right, as the word suggests, it is at the edge or outer 

limits of the TV signal, ■ 

3, No, a hinge is used for hanging doors on cabinets. 

2. UHF Tuner . When the VHP channel switch is tuned to UHF, 
the UHF tuner is connected to the VHF RP amplifier. At the same 1 

time, the VHP Antenna is disconnected from the VHP RP Amplifier. | 

Signals from channels 14 - 83 are then received from the UHF I 

antenna. You then use the UHF channel selector to tune one of the | 
UHF signals in. This signal is amplified and converted into a 1 

lower frequency signal. It is then fed into the VHP RP amplifier, j 

at the connection where channel one would be connected. No stations 
broadcast on VHP channel 1. This conversion to a lower frequency 
is done the same way it is done in converting the VHP RP frequency 1 

to a single IP frequency. (Remember your earlier lesson on this?) 

Don*t confuse the two frequency conversions. We* 11 talk about the 
conversion to IP a little later. 

' 

Now some questions. Circle the right answer. i 

1. The rabbit ear(s) are used for VHP, UHF, in the Zenith TV 

N-6 series used. j 

2. The VHP antenna is connected to the VHP RP amplifier when 

the VHP channel switch is tuned to SHE, Channel 2,, (Select one) 

3. The UHF channel selector switch can only select a channel 

when the VHP channel selector is in the UHF position. True, . False 

4. All UHF channels are converted to a single VHP frequency. T, F 

5. UHF is higher than VHP. True, . False 

Go to the next page for answers. \ 



Answer s : 

1. VHF 

2. Channel 2 
3 , True 

True 

5. True 

If you missed any of these questions, re-read the material and 
get it straight in your head before you go on. 

We left the signal at the VHF RF Amplifier — regardless of 
whether it came from VHF or UHF, that*s where it stopped, right? 

Right • OK, 

The VHF RF amplifier makes the signal bigger; that is, it 
amplifies it. The amount of amplification carried out here varies 
somewhat. We want a certain signal strength out of this amplifier, 
but the signal strength depends on such things as antenna positioning 
distance from the station, etc. So, weak signals are amplified more 
than strong signals to bring all signals up to the same strength. 

The amount of amplification is controlled by the AGO or Automatic 
Gain Control circuits. We* 11 talk about this AGC circuit later. 

For now, remember that the RF amplifier is one circuit where the 
amount of gain or amplification is controlled. 

Do you remember your lesson on operational controls and adjust- 
ments? Remember when the picture got too dark — it was overloaded 
when the instructor raisadjusted the AGC. When your set is too close 
to the broadcast station, you have to reduce the signal into this 
amplifier by putting H pads next to the antenna. 



OK, that »s the sto ry on the VHP BP amplifier. 

Circle these statements true or false; 

1, The RF amplifier malces the signal bigger when it is 
smaller than the desired output strength. True or False, 

2. The RF amplifier is one of the places where the AGO controls 
amplification. True or False, 

Answers ; 

1, True 

2. True 

Bid you get these right? Bon*t go on if you missed either one. 
Re-read the material and get it straight before you try the next step, 
3# Mixer , The signal from the RF amplifier is sent to the MIXER, 
The mixer receives the amplified selected TV signal from the VHP RF 
amplifier and another signal from the VHF oscillator# The mixer 
combines these signals to produce an IF (Intermediate Frequency) 
signal which is sent to the Video IF stages. The actual frequency 
of the TV signal being sent to the Mixer from the VHF RF Amplifier 
depends upon the channel selected (UHF is connected in the position 
where channel 1 would be) • The video IF stages are tuned to only 
one frequency (45.75 MC) . In order to amplify all channels equally 
well, we must have a constant frequency coming out of the mixer. 

This is done by varying the frequency of the VHF Oscillator. Each 

time a different channel is selected, the VHF Oscillators frequency 
is also changed, so that when its signal is mixed with the TV*s 

signal, the result is an IF with the same frequency, which is the 
difference between the TV frequency and the oscillator frequency. 

That is, with an RF of 54MC, the oscillator would run at 99.75MC 
to produce a difference of 99.75-54 equals 45.75 MO. IF. 
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Here are some more questions; 

1, You need a constant IF out of the MIXER “because the IF Amp 
amplifies only one frequency. True or False. 

2, The MIXER mixes RF and IF signals. True or False. 

3, If the RF Amplifier frequency is 5^MC and the oscillator 

frequency is 109.75 megacycles, the IF frequency from the 
MIXER is _ . 

If, Is the frequency in the above example the correct IF 
frequency for TV sets? Yes or No, 

5. The IF is the same, regardless of whether you are tuned 
to UHF or VHF, True or False. 

Answers ; 

1. True (but actually the IF amp more than a single frequency) 

2. False 

3. 55.75 MO 

if. No 

5. True 

If you missed any, check yourself out before going on. Notice 
that the last question goes back to the earlier subject of how UHF 
is converted to a VHF (channel 1) frequency by the same process of 
mixing frequencies as is done in the MIXER, but it is not done in 
this MIXER. 

4. Video IF Amplifier . The IF signal from the MIXER is sent 
to the VIDEO IF AMPLIFIER. Even though it Is called VIDEO IF, the 
sound and sync signals are also present. 



The VIDEO IP AMPLIFIER amplifies these signals. A lot of 
amplification is needed so there are three stages of IF amplifi- 
cation. (Other sets may have more or less.) Each stage makes the 
signal Digger than the last. Also there is AGO action here* just 
as there was in the RF amplifier. It is needed here because the 
amount of gain (amplification) is not controlled well enough in 
the RF amplifier. 

Questions s 

1. VIDEO IF AMPLIFIER stages amplifies only video. True or False. 

2. Only one VIDEO IF carrier frequency is amplified in the 
VIDEO IF AMPLIFIER. True or False. 

3. All TV sets have three stages of VIDEO IF amplification. 

True or False. 

If, VIDEO IF AMPLIFIER stages amplify UHF more than VHF because 
UHF has a higher frequency. True or False. 

5. AGO action takes place in the RF amplifier and IF Amplifier. 

True or False. 

0 « 

Answers s 

1. False 

2. True 

3. False 
if. False 
?. True 

Get them all right? Good. If not, read the material until you 
do. Can you answer all questions asked so far correctly? Be confi- 
dent that you can before going on. Then, go man, go I 



5. Video Detector . The VIDEO IF .AMPLIFIER sends the amplified 
IF signal to the VIDEO DETECTOR# The VIDEO DETECTOR removes the 
IF from the rest of the signal (which contains the video, sound 
and sync signals)# Here again those three signals are together, 
even though this is called the VIDEO DETECTOR. The output of the 
VIDEO DETECTOR is applied to two places: 

1, Video amplifier 

2, AGC - Sync clipper 

This input to the AGC - sync clipper — helps to eliminate any 
noise riding on the video signal that might cause distortion in 
the picture. If this noise were left on the signal, it would cause 
the picture to Jump, roll and tear. The video amp inputs include 
sound, video and sync signals. 

Questions : 

1. Can you answer all previous questions correctly? Yes or Wo 

2. Video, sound and sync signals go through the VIDEO DETECTOR 
True or False. 

3. The output of the VIDEO DETECTOR is IF megacycles) 

True or False. 

k. The noise would cause the picture to he very sharp if left 
on the signal. True or False. 

Go to the next page after you have made your answers. 
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Answers 5 



X . Ygs 

2. True 

3. False, The IF is removed. 

k. False, It would cause it to jump and roll and tear. 

Could you answer the first question with a yes? Be sure of 
yourself before you go on. Did you have any trouble? Re-read the 
material if you missed any of the questions and don f t understand 
the explanation given after the answer. 

6. Video Amplifier . The detected video signal is sent to the 
VIDEO AMPLIFIER. Here the signal is amplified, and the sound, 
picture and sync signals are separated. The picture signal is 
sent through the CONTRAST control to the picture tube. The sound 
signal is sent to the SOUND LIMITER, and the sync, signal is 
applied to two places: (1) AGO Input and (2) The sync separator 
input. (All of these are parts of the sync clipper tube.) 

We won*t ask any questions here, so long as you understand 
that the sound, picture and sync signals are separated here and 
sent to three different places. 

7* AGO . The Automatic Gain Control receives its signal from 
the VIDEO AMP. It is this input to the AGO which the AGO samples 
to see if the amount of gain should be increased or decreased in 
the earlier stages of amplification which it controls. This process 
of taking a signal sample and using it to control amplification 
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earlier in the signal path is called feedback# This signal 
represents the av©rage signal strength for the channel and the 
location of the set# As the signal changes in value, the AGC 
produces a voltage which is fed to the IB 1 and RF amplifiers in 
order to maintain a constant average detected signal# The AGC 
samples the video at a specific time# That specific time is the 
time of the horizontal pulse, one of the two sync signals# Without 
AGC, you would have wide variations in picture quality as you change 
from channel to channel, or as the atmospheric conditions changed# 

The AGC automatically solves the problem# In some TV f s, the AGC 
voltage is sampled at the video detector stages and fed back to 
the RF and IF stages. 

The variations in amplitude of the signal to the picture tube 
cause the variations from black to white of the spot (called picture 
detail) appearing on the picture tube. Varying the CONTRAST control 
produces greater or less difference in the shades of gray possible 
in the picture. Varying BRIGHTNESS control produces changes in the 
intensity of the picture and is useful to correct for varying 
ambient (surrounding) viewing conditions# Remember, adjustment of 
one makes it necessary to re-adjust the other usually. The 
BRIGHTNESS control makes the spot brighter and is connected directly 
to the picture tube at the same place the picture signal comes into 
the tube. 

Another control voltage coming to the picture tube is an internal 
focus adjustment which is factory adjusted. The "adjustment" is 
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done by selecting one of three voltage taps# Like focusing a 
camera, you can make the spot sharper with this adjustment, hut 
you would not normally do anything about this, since the factory 
has already selected the best tap for the particular receiver# 

Other manufacturers use different circuits to accomplish the 
same function# 

This completes the signals and control concerned with putting 
the spot of light of varying brightness onto the picture tube, so 
let f s ask some questions? 

1. The spot of light can get brighter when? 

a. Brightness control is moved. 

b. Signal strength from video amplifier changes, 
c# Both (a) and (b) . 

2. The FOCUS control is factory adjusted. True or False. 

3# The CONTRAST control changes the shades of gray. True or False# 

4. A faulty CONTRAST control could keep the spot from getting 
on the picture tube. True or False. 

?. The AGO controls the amount of amplifications in the 
VIDEO DETECTOR. True or False. 

Answers : 

1. c 

2. True 

3 . True 

k. True. The signal from the video amplifier goes through the 
CONTRAST control on the way to the picture tube. If the control is 
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faulty, it could stop the signal from getting through; 
however, it doesn't always eliminate the brightness from 
the screen of the tube, 

5. False, In some TV's, it is sample from the detector, 

8, Svnc Signal Flow . Now let's go back to the VIDEO AMPLIFIER# 
We've followed the picture (video) signal through the VIDEO AMPLIFIER 
to the picture tube and we've finished with it. We'll take up the 
sound later — and it's pretty simple. But now we'll talk about 
how the spot of light is moved around on the picture tube in both 
the horizontal and vertical directions l These are control signals 
which synchronize the movement of the spot of light to a spot of 
light moving in the camera in the broadcast^station . Get that? 

There is a camera in the broadcast station; you've probably seen 
them on some TV shows. Those cameras break up the picture they see 
into a moving spot of light of varying brightness. As that spot 
moves, so we want the spot to move on our TV picture tube. That's 
what the sync signals are for. Now let's see where we get the 
sync signal. 

The signal, AGO and sync, which is taken from the VIDEO AMP, 
as you will remember, goes to the same tube, including SYNC CLIPPER 
and AGC. In this set, then, the AGC and SYNC CLIPPER are in the 
same tube. Each signal is put on a control grid, one to each half 
of this tube; both the AGC and the SYNC CLIPPER have separate input 
grids. Remember this signal includes the sound, picture and sync 
signal. The SYNC CLIPPER side of the tube clips off everything 
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but the sync signal* This signal contains both horizontal and 
vertical sync signals* (Notice how we can talk about & signal 
one time and later find out it is composed of more than one signal*) 
Now this sync clipper also splits off the vertical sync signal and 
sends it to the VERTICAL OSCILLATOR and sends the other sync signal 
to the HORIZONTAL AFC (Automatic Frequency Control) • 

If you ! ve got all this, try to do these questions before we 
follow the vertical and horizontal sync signals to their destinations* 

Questions; Answer True or False* 

1* The AGC separates the horizontal and vertical sync signals. 

2. The SYNC CLIPPER sends Video to the VIDEO AMPLIFIER* 

3* The SYNC CLIPPER sends vertical pulses to the VERTICAL 
OSCILLATOR. 

The AGC receives Video and Sync pulse signals only during 
the time of the horizontal pulses* 

5. TV cameras are in TV stations. 

6. The brightness of the spot of light on the picture tube 
is controlled by the horizontal sync pulse. 

7* There is no video in the horizontal pulses sent to the 
HORIZONTAL AFC* 

8* Horizontal and Vertical Sync pulses are used to make the 
spot of light move on the picture tube exactly the same 
way the spot moves on the TV camera at the station. 

If you had trouble with these questions, re-read the material 
before you look at the answers. Then turn the page for the 
correct answers. 
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Answers : 

1* False 

2. False 

3 * True 

4, False, it receives them all the time, hut the AGO action 
takes place only during the horizontal pulse, 

5, True 

6, False 

7, True, remember video is removed by the SYNC CLIPPER. 

8 , True 

We* re getting close to seeing how the whole TV works now. 

Before you go on, make sure you have everything straight, so you 
aren*t carrying any misconceptions into this final phase. Be sure; 
then go on, 

9, Deflection Circuits . 

9.1 VERTICAL OSCILLATOR 

OK. Let*s take the vertical signal out of the SYNC 
CLIPPER. We said it went to the VERTICAL OSCILLATOR. It does, and 
that*s what we want to talk about now. The signal from the SYNC 
CLIPPER causes the VERTICAL OSCILLATOR to run at the frequency of 
the vertical sync signal, and that is the rate the TV camera is 
running. If it were not for this vertical sync signal, the 
VERTICAL OSCILLATOR would run at a frequency lower than the frequency 
of the vertical sync signal. The vertical sync frequency is 60 cps. 
This means the VERTICAL OSCILLATOR will run at 60 cycles per second 




when there Is a vertical sync signal applied to it. What do you 
think the vertical OSCILLATOR would do if you were timed to a 
channel which is not receiving a broadcast signal? Would it run 
at its own rate? Yes, it would. Its rate is slightly less than 
60 cycles per second. But it runs, regardless of whether a sync 
signal is applied or not, That f s important. 

Mark the following questions True or False; 

1, The VERTICAL OSCILLATOR runs only when the vertical 
sync signal is applied to it. 

2, The VERTICAL OSCILLATOR runs at the rate of the sync 
signal, when the sync signal is applied to it, 

3, The vertical sync signal runs at the rate of the TV 
camera *s vertical signal. 

*+. The frequency of the VERTICAL OSCILLATOR is less than 

that of the vertical sync pulse, when there is no vertical 
sync pulse applied. 

5. The frequency of the vertical sync pulse is 600 cycles 
per second. 



Turn the page for the answers. 




Answers: 

1. False 

2. True 

3. True 

k. True 

5* False 

Now if you 1 re all straight on these questions, we* 11 take up 
an adjustment that controls the frequency of the VERTICAL OSCILLATOR* 

It is called the VERTICAL HOLD control* You've worked with 
this in the adjustment lesson plan and you 1 11 remember that you 
can change it so that the picture rolls in either direction* 

This control can change the natural frequency of the VERTICAL 
OSCILLATOR and is normally adjusted, so that the vertical sync signal 
can lock the frequency into its own frequency. This just means that 
the natural frequency of the vertical„oscillato£ has to be fairly 
close to 60 cps (the vertical sync frequency) in order for the 
Vertical sync signal to control it. 

Now, here 1 s a thinking man's question: When you move the 

VERTICAL HOLD control one way, then the other, the picture rolls 
in one direction and then the other, but through a certain range 
of control turning, the picture stays steady. Why do you suppose 
that is? 
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9.2 VERTICAL SIZE control 

Remember , the VERTICAL SIZE control can change the 
height of the picture on the picture tube. In addition, it can 
shrink the picture at the top and stretch it out at the bottom# 

Also remember that the distortion is greater at the bottom when 
this control is moved. This size control causes its effects by 
changing the amplitude of the output from the VERTICAL OSCILLATOR 
(not the frequency, but the amplitude). Increasing the amplitude 
of the VERTICAL OSCILLATOR output signal increases the height of 
the picture, but, unfortunately, this causes the distortion you get 
at bottom and top. You have to use the vertical linearity control 
to correct this distortion. But the VERTICAL LINEARITY control 
affects the signal at the next stage we will be talking about... 
the VERTICAL OUTPUT stage. 

9.3 VERTICAL OUTPUT 

The VERTICAL OUTPUT receives its signal from the 
VERTICAL OSCILLATOR and amplifies it. The VERTICAL LINEARITY 
control makes the amplification linear. If this control is out of 
adjustment, the top of the picture looks distorted. It is used in 
combination with the VERTICAL SIZE control to get a picture of the 
right height which is also undistorted at top and bottom. 

Here are some questions; 

1. The VERTICAL SIZE control and VERTICAL LINEARITY control tend 

to compensate for each other. True or False. 

2. The VERTICAL LINEARITY control adjusts VERTICAL OSCILLATOR. T arF 

3. The VERTICAL LINEARITY control mostly affects the bottom , ton 
of the picture, (pick one) 

Turn the page for answers. 
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Answers : 



1# True 

2. False 

3. Top 

OK? Let f s push on to the end of the line for vertical pulses, 

9 $ k VERTICAL DEFLECTION COILS 

The output of the VERTICAL OUTPUT stage is sent to 
the VERTICAL DEFLECTION COILS on the YOKE on the neck of the 
picture tube, to move the spot of light in the vertical (up-down) 
direction. It should move the spot, by electromagnetic action, 
down the tube at a steady rate, When it gets to the bottom, it 
should snap back. It moves down sixty times a second because that*s 
the frequency of the vertical sync pulse. When there is no station 
tuned in, it moves down slightly less of ten because it operates 
at the natural frequency of the VERTICAL OSCILLATOR, This distance 
it moves is controlled by the SIZE control, and the spot will move 
at a steady rate each time it goes down, if the linearity control 
is properly adjusted. There is just one more thing to say about 
the vertical pulse, It concerns the snap back of the spot from 
the bottom to the top of the picture. We want the set to be 
"blanked out" during this time, so that the spot is not seen 
going back. 



9.5 BLANKING 

The same old vertical sync pulse (from the sync 
clipper) is used to "blank out" the set. For blanking, it goes 



from the SYNC CLIPPER directly to a grid in the picture tube that 
does- the blanking. It works so that this grid stops the spot of 
light during the time the spot is going back. 

Let*s have a few more questions, now: 

1. A YOKE is 

a, Something funny, 

b, The yellow thing in an egg, 

c, A hunch of coils hanging around the neck of a picture 
tube, 

2. The VERTICAL DEFLECTION COIL is separate from the 
HORIZONTAL DEFLECTION COIL in the YOKE, True or False. 

3. The spot of light moves down the picture tube regardless 

of whether the sync pulse is present or not. True or Fa3.se, 
k* If the sync pulse is not present, any picture you have 
will roll. True or False, 

5. The blanking pulse is applied to the YOKE. True or False. 

6. The blanking pulse comes from the VERTICAL OSCILLATOR. 

True or -False. 



Turn the page for your answers. 



Answers ; 



1. That question was a f, yoke. n 

2. True 

3 • True 

h* True 

5. False 

6. False 

If you got all the questions right, you 1 re ready for the 
horizontal — that f s moving the spot of light across the picture 
tube from left to right. 

We were just back at the SYNC CLIPPER for a blanking pulse. 

You remember that that is where the vertical pulse was separated. 

Now we* re going to talk about what f s left, 

9.6 HORIZONTAL AFC 

The other pulses from the SYNC CLIPPER are applied 
to the HORIZONTAL AFC (Automatic Frequency Control). This AFC 
is one of the circuits which controls the frequency of the 
HORIZONTAL OSCILLATOR. This oscillator is controlled indirectly, 
rather than directly, as the VERTICAL OSCILLATOR was. (Early TV 
sets had direct control in the Horizontal, but it was found that 
unwanted noise would accidentally trigger the horizontal oscillator, 
in addition to the sync pulse doing it, and produce a bad picture. 

So newer sets have this indirect control.) 
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We 1 re going to talk about this indirect control now. This 
AFC is part of a feedback loop, just like the AGO was. In the 
AFC circuit, the horizontal sync signal from the SYNC CLIPPER is 
compared to the signal being produced by the HORIZONTAL OSCILLATOR, 
The AFC produces a voltage signal as the result of this comparison* 
The size of the signal produced is proportional to the amount of 
the difference between the sync signal frequency and the HORIZONTAL 
OSCILLATOR frequency. This voltage from the AFC is fed to the 
HORIZONTAL CONTROL circuit. The HORIZONTAL CONTROL amplifies the 
voltage and passes it to the HORIZONTAL OSCILLATOR. The frequency 
of the HORIZONTAL OSCILLATOR is controlled by this voltage. The 
HORIZONTAL OSCILLATOR will run at its own frequency when the sync 
signal is not controlling it. 

9.7 HORIZONTAL HOLD CONTROL 

There is a HORIZONTAL HOLD CONTROL which varies the 
frequency of the HORIZONTAL OSCILLATOR, so that it stays within 
range of the synchronizing control circuits. When it is misad justed, 
the picture will twist because it is not synchronized to the fre- 
quency of the horizontal signal coming from the broadcast station. 

9.8 HORIZONTAL OUTPUT 

The signal from the HORIZONTAL OSCILLATOR goes to the 
HORIZONTAL OUTPUT stage, where it is amplified. From the HORIZONTAL 
OUTPUT, it goes five places. One of these is the feedback to the 
AFC we*ve already talked about. 
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The second is the AGC. The signal out of the HORIZONTAL 
OUTPUT goes to the AGO circuit. This is the AGO, not the AFC, 
we f re talking about no w. It is this signal that tells the AGO 
circuit "now is the time to sample the video". Remember the AGO 
samples only during the Horizontal sync pulse, and this signal 
tells the AGO when that time is. 

Would you like some questions now? No? OK, we f ll go on. 

The third place a signal from the HORIZONTAL OUTPUT goes 
is to the HORIZONTAL DEFLECTION COIL in the YOKE, but it goes through 
the horizontal sweep transformer, sometimes called the flyback 
transformer. At the deflection coil, it makes the spot go back 
and forth 262.5 times during the time it takes the spot to get 
from top to bottom once. That spot is painting, just like lines 

in a book. 

The fourth place the signal from the HORIZONTAL OUTPUT goes 
is the HI VOLTAGE RECTIFIER. Here the horizontal pulse is turned 
into the very high voltage needed for the picture tube. Watch out! 
That*s 13.5 kilovolts in the set you have. Here*s an interesting 
points This rectifier uses the HORIZONTAL DEFLECTION COIL to help 
produce the high voltage 1 

The fifth place is the DAMPER. This circuit produces a fairly 
high "B plus boosted voltage for use in several stages of the set, 
including the HORIZONTAL OUTPUT tube itself. 
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Now we really must have some questions because you f ve gone 
through the whole process for putting a picture on the tube, 

1# The HORIZONTAL AFC compensates automatically for changes 
in received signal strength. True or False, 

2. The HORIZONTAL OSCILLATOR runs at 60 cps. True or False. 

3. The output of the HORIZONTAL OUTPUT will produce 262,5 
lines each time the VERTICAL OSCILLATOR produces a signal 
that sends the spot down the picture tube o u oe, 

4. The H.V RECTIFIER produces a 13.5KV D.C, for use by the 
picture tube. 

5. The AFC is concerned with frequency or amplitude . Pick one. 

6. The AGC is concerned with frequency or amplitude . Pick one. 

7. The VERTICAL OSCILLATOR is controlled indirectly, and the 
HORIZONTAL OSCILLATOR is controlled directly. True or False, 

8. The AGC is part of a feedback, but the AFC is not. True or False. 

9. The AFC is part of an indirect control of the HORIZONTAL 

OSCILLATOR. True or False. 

10. The HORIZONTAL HOLD control affects the frequency of the 
HORIZONTAL OSCILLATOR. True or False. 

11. The HORIZONTAL OUTPUT sends its signal to five places. 

True or False. 

12'. The HORIZONTAL DEFLECTION COIL serves two purposes. 

True or False. 

13. The HORIZONTAL DEFLECTION COIL is part of the YOKE, just 
as the VERTICAL DEFLECTION COIL is. True or False. 

14. The H.V. RECTIFIER includes the HORIZONTAL DEFLECTION 
COIL. True or False. 




1$, The H.V# RECTIFIER produces the high voltage needed to 
make the picture tube operate# True or False# 

16# The DAMPER produces the high voltage needed for the 
picture tube to operate# True or False# 

17# The B/ voltage on the HORIZONTAL OUTPUT comes from the 
DAMPER# True or False. 

18. I think I*ve got the Technical Story right so far# 

True or False# 



Sketch space * Don f t guess. Figure it out# Lead is cheap# 




Turn the page for answers. 






Answers ; 

1 # False* It compensates for frequency* not amplitude* 

2. False. The VERTICAL OSCILLATOR operates at 60cps. 

3 * True 

k. True 

5* Frequency 

6. Amplitude 

7. False* Other way around. 

8. False* Both are part of feedback circuits. 

9* True, 

10. True 

11. True 

12. True, Horizontal deflection. High voltage production. 

13. True. It just has an extra job in producing high voltage. 

Ik. True 

15. True 

16. False 

17. True 

18. If you said true, you 1 re pretty good. If you said false, 
you* re modest, or you need another "go round. 11 We suggest you 
"go round" right now, while you’ve got a hold on the whole thing. 
You’re close to having it straight, and you might as well come out 
knowing this. It is the basis of all troubleshooting, and you 11 
need it. There’s no point in faking this when you’re so close to 
having it right. Go ahead. Go back now. It will go rapidly and 
easily. Go now — now, do it — nowl 



E, TV SOUND AND POWER 

1. Overview , This is a story about how TV sound and power 
are produced. You have learned already how the picture gets onto 
the picture tube. When you have finished this material, you will 
have a fairly good idea of how the whole TV works. As you read 
this, you will be asked to fill in some blanks, or to answer some 
true or false questions. You should be able to answer these 
questions with little difficulty. If you have trouble, go back 
and read the material again until you can answer the questions. 

OK, let's begin. 

The signal the TV set receives contains three types of information 
picture, sound and sync. Each of these types of information is 
required to obtain a good picture with sound. 

..... The picture information puts various shades of gray 
on the picture tube. 

..... The sync information makes it possible to arrange the 
shades of gray into a reproduction of the picture the 
TV camera sees at the TV station. 

..... The sound information makes it possible for you to 
hear what is being said. 

All the circuits in the TV set need power to operate. The 
power used comes from the house wall outlet into which you have 
plugged the line cord. This power that comes from the wall outlet 
is AC power, and it cannot be used directly by the TV circuits, 
except for the filament circuits. It has to be changed into a form 
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which the circuits can use, This is done by the TV power supply 
and other special circuits which you will learn about. 

We will talk about the sound circuits first and see how the 
sound signal is changed into something which you can hear. 

2. TV Sound . Let us begin at the output side of the VIDEO 
DETECTOR. The signal out of the VIDEO DETECTOR contains sync, 
sound and picture information. The signal, still with its three 
types of information, next goes to the VIDEO AMPLIFIER, 

• • , • • The picture information , after being amplified by the 
VIDEO AMPLIFIER, goes through the CONTRAST CONTROL and 
then to the PICTURE TUBE. 

The SYNC INFORMATION goes to the sync clipper after 

amplification. 

..... The sound information also is amplified in the VIDEO 
AMPLIFIER. 

After emerging from the VIDEO DETECTOR, the sound, picture and 
sync information are sent toward the TV picture tube. However, 
between the VIDEO DETECTOR and the PICTURE TUBE (in the VIDEO AMP 
STAGE), there is a circuit called a "trap." This “trap” is tuned 
to 4.5 MC, and, therefore, is called the 4.5 MC trap. This trap 
allows the picture and sync information to pass through it to the 
picture tube. The sound information is trapped by the 4.5 MC trap 
and is sent to the SOUND LIMITER. Thus — 

The 4.5 MC trap prevents sound information from getting 

into the PICTURE TUBE 



If Ml 



The MC trap sends the sound information on to 
the SOUND LIMITER# 

When we talk about limiting something, we mean keeping it within 
certain bounds# If you put a rope on a dog and tie it to a tree, 
the dog can only go as far as the rope will let it# That’s putting 
an outside or maximum limit on how far the dog can go from the tree# 
If you put the rope through a long pipe, the dog couldn’t get com- 
pletely back to the tree# That would be putting a lower or minimum 
limit on the dog’s movement# 

The function of the SOUND LIMITER is to limit or restrict the 
amplitude of the signal output from the VIDEO AMPLIFIER. You 
remember that the signal is amplified in the VIDEO AMPLIFIER. The 
signal output varies in frequency (which we want) , but it also 
varies in amplitude or strength# We want to get rid of these 
amplitude variations. To do that, the signal is passed through 
the SOUND LIMITER. Here, all portions of the signal above a 

certain strength are chopped off. 

/ 

Now some questions. Answer True or False, 

1. The 4.? MC trap removes the sound signal from the video, 

2. The sound signal into the SOUND LIMITER is at a constant 
amplitude. 

3. The output of the SOUND LIMITER is a constant amplitude. 

Go to the next page for the answers. 
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Answers : 

1* True 

2. False 

3 * True 

The function of the SOUND LIMITER is to remove the amplitude 
variations from the 4.5 MC sound signal output from the VIDEO 
AMPLIFIER* This function is required, so that a frequency modulated 
signal without amplitude variations can he sent to the SOUND 
DISCRIMINATOR. 

Do you remember what a frequency modulated sound signal is? 

Well, even if you do, a little review won*t hurt. 

First think about the carrier . For Channel 2, this is a radio 
signal of a frequency of 59*75 MC. Left by itself, it would just 
go through 59.75 million oscillations each second. That f s pretty 
monotonous . 

So, let f s think about a man speaking into a microphone in the 
TV station. Let*s say he f s reading a news bulletin. He speaks 
loudly and softly; in other words, he varies the strength or 
amplitude of his voice. At the same time, he speaks in a low tone 
and then in a higher tone; in other words, he varies the pitch or 
frequency of his voice. 
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Speech contains both amplitude and frequency changes# By 
connecting a microphone through certain circuits, the speech will 
affect only the frequency of the 59 * 7 ? MC sound carrier, NOT the 
amplitude of the carrier. 

m m 



i 
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Signal 



In frequency modulation, two things happen 

The frequency of the carrier is changed in proportion 
to the amplitude changes of one f s voice. 

..... The frequency of the carrier is changed at a rate which 
is in proportion to the tone or frequency changes of 
one*s voice. 

When a TV newscaster talks into a mike, amplitude changes in his 
voice produce frequency changes in the carrier; frequency or pitch 
changes in his voice produce changes in how often the frequency 
changes (rate of change) . The results on the carrier is to make 
it look something like an accordian Bellows, squeezing and pumping 
away. 





So much for the review of frequency modulation. Now, sound is 
transmitted on a PM carried signal which is received By the TV set, 
right along with the picture and sync signal. The original PM signal 
has a high frequency which is removed in the MIXER stage. In its 



place, an intermediate frequency signal is produced (just as 
“with the picture carrier) which then is amplified in the IF AMF 
stages. The signal then goes to the VIDEO DETECTOR stage, where 
the sound carrier is mixed with the video carrier. This produces 
a *f.5 MC sound carrier, which is still frequency modulated exactly 
like the FM carrier that first entered the TV. 

We described how the amplitude of the sound signal was limited 
in the SOUND LIMITER. This signal, then, is sent to the SOUND 
DISCRIMINATOR. It is called a discriminator because it can tell 
the difference, or discriminate, between signals of different 
frequency. As the sound signal changes its frequency, the dis- 
criminator produces a voltage output which is proportional to 
changes in the frequency of the signal output. 

We have described the function of the SOUND LIMITER and the 
SOUND DISCRIMINATOR. But, in some TV f s (like the one you 1 re study- 
ing) the SOUND LIMITER isn*t completely effective. That is, it 
does not remove all the amplitude variations from the amplified 
carrier signal. In such cases, the SOUND DISCRIMINATOR, if it is 
of the "gated beam type," provides some of the limiting action. 
Putting it another way, in some TV f s, the gated beam SOUND DIS- 
CRIMINATOR performs some of the limiting action. In such TV*s, 
the SOUND LIMITER cannot be said to perform limiting all by itself. 

There are other types of discriminators which are incapable of 
performing limiting action. Such discriminators would produce 
distorted outputs if their inputs were not adequately limited. 



- 50 - 



We will not study these types of discriminators now. For now, 
remember that a "gated discriminator" can, and does, do part of 
the limiting of the carrier signal. 

Now for some questions. -Answer True or False. 

1. The SOUND DISCRIMINATOR produces an output which is 
proportional to the amplitude of the input signal, rather 
than the frequency. 

2. The original sound carrier is removed in the MIXER. 

3. The 4.5 MC sound carrier from the VIDEO AMP is removed 
by the SOUND LIMITER. 

4. The primary function of the SOUND LIMITER is to limit the 
amplitude of the sound coming out of the loudspeaker. 

5. Some types of discriminators are sensitive to amplitude 
variations in the FM input. 

6. The gated beam type of SOUND DISCRIMINATOR provides some 
of the limiting action as well as discrimination. 

7. The greater the amplitude of the modulating audio signal 
(like a voice) the faster will the changes in frequency 
occur. 

8. The greater the frequency (pitch) of the modulating audio 
signal (voice) the faster will the changes in frequency occur. 

9. The original sound information, such as a voice speaking, 
is the output of the SOUND DISCRIMINATOR. 

10. The Sound Carrier is mixed with the video carrier in the 
VIDEO DETECTOR to produce the 4.5 MC sound carrier. 
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These were rather difficult* If yea Hissed any ©f these , ge 
ba@k and read the aateriai again. When you are sure you can 
answer then correctly, continue with the lesson. 



The signal out of the SOUND DISCRIMINATOR is an audio frequency 
voltage. The amplitude of this voltage changes in direct relation 
to changes in the frequency of the FM signal, which is fed into 
the SOUND DISCRIMINATOR. The output of the SOUND DISCRIMINATOR 
is sent through the VOLUME CONTROL and then to the SOUND OUTPUT. 



As you know, varying the position of the VOLUME CONTROL changes 
the loudness of the sound coming out of the loudspeaker. Changing 
the position of the VOLUME CONTROL CHANGES the amount of signal 
which is allowed to pass through the VOLUME CONTROL. When the 
volume is up high, about all the signal is allowed to pass through; 
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Answers : 



1# False, just the reverse# 

2# True, the original sound carrier is at an RF frequency# 

3# False# If it were true, the SOUND DISCRIMINATOR would 
have nothing to work with# 

k, False 

5, True 

6. True 

7* True 

8# True 

9. True 

10, True 

These were rather difficult. If you missed any of these, go 

back and read the material again. When you are sure you can 

answer them correctly, continue with the lesson. 

« 

The signal out of the SOUND DISCRIMINATOR is an audio frequency 
voltage. The amplitude of this voltage changes in direct relation 
to changes in the frequency of the PM signal, which is fed into 
the SOUND DISCRIMINATOR. The output of the SOUND DISCRIMINATOR 
is sent through the VOLUME CONTROL and then to the SOUND OUTPUT. 

As you know, varying the position of the VOLUME CONTROL changes 
the loudness of the sound coming out of the loudspeaker. Changing 
the position of the VOLUME CONTROL CHANGES the amount of signal 
which is allowed to pass through the VOLUME CONTROL. When the 
volume is up high, about all the signal is allowed to pass through; 
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when the volume is turned down low, only a little of the signal 
gets through# 

The signal output from the VOLUME CONTROL is sent to the 
SOUND OUTPUT stage. In this stage, the signal is amplified and 
then sent to the loudspeaker. 

The LOUDSPEAKER converts the electrical audio frequency signal 
into a mechanical movement ... it causes the loudspeaker cone to 
move in and out. This mechanical movement vibrates the air, and 
sound waves are made. This is what we hear. 

Let us now summarize the TV sound channel .... 

1. The sound signal is received by the TV, right along with 
the picture signal, as a frequency modulated signal. 

2. The RF carrier signal, which is carrying the sound signal, 
is removed in the MIXER, and a new lower frequency PM 

sound carrier is added. This new frequency is the IP signal. 

3. The new PM sound carrier is sent to the VIDEO IP AMPLIFIERS 
in which it is amplified, and sent to the VIDEO DETECTOR. 

4. In the VIDEO DETECTOR, the sound carrier and the picture 
carrier signals are mixed to produce a 4.5 MC PM sound 
signal. This signal is sent to the VIDEO AMPLIFIER. 

5. In the VIDEO AMPLIFIER, the signal is again amplified. 

The picture signal is then allowed to pass onward to the 
picture tube. The sound signal is prevented from getting 
into the picture tube by the 4.5 MC trap. This trip channels 
off the sound signal and sends it to the SOUND LIMITER. 
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The SOUND LIMITER removes any amplitude variations which 
might have entered the FM sound signal. In other words, 
it limits the amplitude of the signal. This limited sound 
signal goes then to the SOUND DISCRIMINATOR, 

The SOUND DISCRIMINATOR produces an audio frequency output. 
The amplitude of this output depends upon the amount the 
input signal frequency has changed from 4.5 MC, This 
audio output is sent to the VOLUME CONTROL, 

The volume or strength of the signal is varied hy the 
VOLUME CONTROL, This control determines the amount of 
audio signal which will get through the control. This 
signal goes to the SOUND OUTPUT stage. 

The SOUND OUTPUT stage amplifies the signal and sends it to 
the LOUDSPEAKER. In the LOUDSPEAKER, the electrical audio 
signal is converted into sound waves. 





3 , The TV Power Supply . As you know, electrical devices 
need a source of power* Some portable TV f s are battery 
operated* Most TV*s have a linecord wnich must be 
plugged into a wall outlet* For the Zenith portable TV 
you are studying, the power to operate the circuits in 
the set comes from a wall outlet* This power enters the 
TV through the line cord* 

The voltage that is available at a wall outlet usually has 
a voltage of between 110 and 120 volts. This is an AC voltage 
which has a frequency of sixty cycles per second. Now, TV circuits 
need a different type of voltage to operate* Some circuits can 
use directly the 120 volts AC which comes from the wall outlet. 

Other circuits need voltages which, depending on the particular 
TV set, may go higher than 20,000 volts* Some TV circuits operate 
on AC current, while others need DC current. How are all these 
voltage and current requirements obtained? 
jjow Voltage Circuits, : 

A TV power supply can be divided into two classes, the A2E 
vnitagQ supply , and the fcigh voltage supply. You have already 
learned something about the HV supply in an earlier lesson, and 
you will learn more later on. For now, we will discuss the low 

voltage circuits. 

There are two principle objectives of the low voltage circuits 
,,,,* they supply the current needed to heat the filaments of 
the vacuum tubes. This is what makes the tubes light up. 

bhey supply the direct current voltage needed for the 

vacuum tube plates and for the bias supplies. 
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Some TV 1 s are designed so that all the heaters (or filaments) 
are connected in parallel* This is possible when all the tube 
filaments require the same voltage . In such TV ! s, the ^jd^gment 

voltage comes from a special filament winding, on the TV power *•' 

transformer. A different winding on the power transformer supplies 
a higher voltage to a rectifier tube. This arrangement is used to 
produce the voltage needed for the tube plates. (As you should 
remember, a rectifier tube is used to change AC current into pul- 
sating DC current.) 

Some TV f s, like the one you will work with, do not have a 
power transformer. In such TV f s, the tube filaments are connected 
in series. With this arrangement, the same current flows through 
all tubes. Furthermore, if one filament fails (burns out, for 
example) , no other filament can get its current. As a result, all 
the tubes will go out. This filament arrangement is knows as a 
series string type of filament supply. Capacitors are used in the 
string to prevent high frequency signals from being transferred 
from one tube to another. 

When the TV set is of the transformerless type, one side of 
the AC line is connected to the TV chassis. In such cases, it is 
very important not to touch the metal chassis since you may be 
shocked by the AC. The on/off switch might only disconnect one 
side of the line. So f be careful . Before workin£ on„such,TVJ_s < 
be 3ure not to touch the chassis when the, set is plugged, in . 

Fuses; As you know, fuses are used to protect electrical 
equipment. A fuse is usually inserted in the power line of a TV. 
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This fuse will open and interrupt the current if a short circuit 
in the TV causes an unusually large amount of current to flow© 

This protects the parts of the TV set which might otherwise he 
damaged by excessively high current* 

A DC voltage is needed for the plate and biasing circuits. 

This DC voltage can be obtained in a variety of ways. In a 
TV set which has a power transformer, a vacuum tube rectifier 
might be used. In a transformerless type TV, a semiconductor 
diode might be used. Sometimes these diodes are called silicon 
diodes. These silicon diodes function as rectifiers. That is, 
they ’ ave the capability of conducting current in one direction 
better ti-:an in the reverse direction. As a result, when an AC 
voltage is applied to a silicon diode, the output is a voltage 
which pulses in one direction. This is called pulsating DC, 

Pulsating DC voltage cannot be used directly. It must be 
smoothed out a bit. This is done by a filter network consisting 
of electrolytic capacitors (they look like tin cans) and iron-core 
coils, (Such coils are called ‘'chokes. 11 ) The voltage available 
after such filtering is a DC voltage which is steady or smooth 
enough to be used by the TV, This DC voltage is then distributed 
over wires to the individual circuits which need it. Its voltage 
is about 130 volts DC. 

Now for some questions: 

1. In series string filament circuits, all heaters get the 
same current, 

2. In a transformerless set, one side of the AC line is 
grounded to the chassis. 

-57- 



3. The fuse protects parts from damage by opening, when 
excessive current flows. 

Silicon diodes produce a steady DC voltage. 

A filter network is needed to get rid of pulses in the 
plate supply. 



Answer s ? 

1. True 

2. True, so he careful 

3 . True 
False 

5. True 

Did you get them all right? Goodl Let ! s go on. 

Some TV circuits need a voltage which is higher than the 120-130 
volts, which can he obtained hy simply rectifying the 60 cps line 
voltage. Most of these circuits use what is known as the ,f B plus 
boost voltage.” This is a voltage which is higher than 130 volts, 
hut which is not as high as the voltage used hy the picture tube. 

The B plus boost voltage is obtained as a by-product of the 
DAMPER circuit. 

You will recall from the technical story on TV video, that 
the DAMPER was needed to remove the oscillations produced by the 
current in the HORIZONTAL DEFLECTION COIL. The tube in the DAMPER 
circuit is actually a rectifier tube. So, the DAMPER circuit pro- 
duces a DC voltage which is higher than the 130 volts plate supply 
voltage. The B plus boost voltage is obtained by adding together 
the 130 volt plate supply voltage and the voltage obtained from the 
DAMPER. 






The picture tube needs a very high voltage, something around 
20,000 volts# This voltage is used by the picture tube to draw 
the electron beam to the face of the TV tube# The picture tube 
voltage is produced by the HIGH VOLTAGE RECTIFIER# The collapsing 
current in the HORIZONTAL DEFLECTION COIL produces a voltage in 
the HORIZONTAL OUTPUT TRANSFORMER (or flyback transformer) which 
is stepped up even higher by another transformer winding, which 
is connected to the HIGH VOLTAGE RECTIFIED As a result of this 
action, a high AC voltage is produced (the frequency is the same 
as that of the horizontal sweep •## 15,750 cps) • This AC voltage 
is rectified by the HIGH VOLTAGE RECTIFIER, and the result is a 
very high DC voltage# This voltage is sent to the picture tube# 

Now how about trying some more questions: 

1. The HIGH VOLTAGE RECTIFIER produces a high voltage 
called B plus boost. 

2# The silicon rectifier produces DC from an AC of 1?,7?0 cps# 

3. The DAMPER is needed for B plus boost only. 

k. The low voltage supply produces most of the DC voltage 
needed by plate and bias circuits. 

5# The on/off switch cannot affect the output of the HIGH 
VOLTAGE RECTIFIER. 

6. The current through the filaments is a DC current. 

7. A failure of a part in the LOW VOLTAGE supply might blow 
the fuse. 

8. Filtering is needed in the low voltage supply to remove 
AC pulses. 






9 . B plus boost is higher than the low voltage supply 
hut lower than the HIGH VOLTAGE supply# 

10. The HIGH VOLTAGE supply needs the line cord to he 

connected to the wall outlet, in order to produce the 
right amount of voltage. 

Answers % 

1, False 

2# False 

3. False, it removes the unwanted oscillations, remember? 
True, the 3 plus boost produces the rest. 

5, False, if off, the whole set is off. Right? 

6. False, the current is AC 

7# True 

8 . True 

9. True 

10. True 

If you missed any of these questions, go back and study the 
material some more. 

A few more words are in order about power supply problems. 

As the phrase “power supply” suggests, the object is to supply 
voltages and currents to a number of different circuits. Each 
circuit to which a voltage is supplied constitutes a “load” on 
the supply. When a part fails in one of those circuits, the 
effect is sometimes, but not always, to increase the load on the 
power supply. There is a limit as to how much a power supply can 
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give. When one circuit takes too much, there is less available 
for the other circuits. These other circuits will then operate 
below their tolerable limits, and the resulting effects will be 
noticeable. Usually troubles that originate in the power supply 
affect many circuits. 

Were you able to answer all questions correctly'? Do you 
understand? If you have had trouble, go back and re-read the 
material. This concludes the material on sound and power circuits. 

Now, when you watch the late show on TV, you can amuse yourself 
during the commercials by thinking about all the things the circuits 
inside your TV set are doing to produce the picture you are viewing 
and the sounds you are hearing. 
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SCHEMATIC SYMBOLS AND COLOR CODES FOR ELECTRONIC PARTS 
COMMON SCHEMATIC SYMBOLS 

How many different types of electronic equipment have you 
used? Most people have a radio and usually a TV. Stereo 
phonographs and Juke boxes also are used by many people. Did 
you know that all of these use very similar parts? Take a 
transistor radio* for example. When you take the cover off* 

It might look something like this 




Probably you know already some of the names of the parts 
of a rad I o. . . . .the speaker, the antenna, tubes, etc. In this 
book I e+, you will be shown pictures of many basic parts of a 



radio, and you will learn the names for these parts. Now, did 
you know that a picture of a radio can be drawn to look like a 
diagram? The diagram for the above transistor radio might look 




You can see that the diagram above is made up ©f lots of 
symbols <^4*A > which are +led +°ge+her by lines. All radio 
and TV repairmen must know how to read such diagrams. 



In this 




booklet, you will be shown the symbols ( ) f° r some 

of the basic parts that make a radio work. You alsOjjjUJIbe 

shown how these parts usually appear in a radio 

And, you will see how these parts are connected to form the 

d I a gram or schemat 1 c of a comp lete radio. This book let will 

help you to look at a schematic diagram of a radio and understand 

It. 



As you read along there will be questions on the material you 
read. To answer the questions you write In a word, circle a word 
or draw a symbol In the blank space. If you can answer a question 
from memory, you know you have learned the material wel I enough* 

If you do not know an answer, go' back and review the material on 
that question. Be sure you can answer each question from memory 
before going to the new material. 

So now. ... .without rushing, turn the page and begin. 
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Batteries! 



This transistor radio uses a battery 




OR 




The symbol' for this battery Is 

— 1 1 1 1 — 



So battery * 




— l|l| — ■ 



Write the name of this symbol 

— i|l| — 



here 
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Trans 1 stors i 

When you look Inside a transistor radio, you see things 
like this? 



# 




c a 



or like this 




These are trans 1 stors « 

The symbol for a transistor Isi 





Write the name for this symbol! 
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Res I stors? 



Transistors are seldom connected directly 

Ta) symbol 

to each other. Rather, other types of electrical parts are 
connected between them. One such part Is called a resistor. 
Resistors look like th I s «*•#••••• • 



mwm 



Sort of like a fire cracker. 

This symbol ( * — VV\A" 

A resistor ( 

To) symbol 



) 

) and a 




Is used for a resistor. 

battery ( 

Tc) symbol 



A schematic (symbol) diagram of a connected battery and 
resistor would be drawn like this 




Capacitors *. 

Between two transistors, 



there may be one or more 




symbol 
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Also, between transistors, there can be electrical parts called 
capac 1 tors » Capacitors look like this. 




( Sort 1 1 ke a dom I no . ) 
The symbol 



Is used for capacitors. So 




play properly. The radio will not play properly If the battery 
( c ) is bad. It will not play properly If any of 

the transistors ( > or resistors ( — 1 ) 

(b) symbol U) symbo 

or capacitors ( > are bad. Later on, you will 

Cd) symbo I . , , . , , 

learn that when some radio parts go bad, the radio will not play 

at all. When other parts go bad, the radio will still play, but 
It doesn't sound right. 

Voltage and Current ? 

What makes a flashlight work? Where does the power come 

from that starts an automobile? Where does the electricity 

« 
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com© from that operates a portable TV or a transistor radio? 
That's right, In all these examples, the electricity or 
electrical power comes from batteries. Batteries supply the 
electrical power to operate transistor radios. 




no battery - no beat battery good 

When you buy a new battery for your transistor radio, or for 
your automobile, or for a flashlight, you have to get the right 
size of battery. You buy a battery that will supply the right 
amount of electrical power. As you may know, the electrical 
size of a battery Is expressed by the word "VOLTS". For Example, 
automobiles may take 6 Volt or 12 Volt batteries. A flashlight 



uses I 1/2 . batteries. When you buy a new battery for 

word 



your transistor radio, you must get one with the same "VOLTS" as 
the one you took out. 
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"VOLTS" Is the force available to push electricity between 
the two term! na I s . The force Is present If something Is connected 
to the battery or not; electricity won ' t flow until something Is 
connected between the terminals# In other words* a battery works 
something like a water fountain, A water fountain contains water, 
but the water doesn't como out until you turn on the fountain# A 
good battery contains electrical force but this force has to be 
"turned off"# You "turn off" a battery by connecting something 
between the terminals of a battery. 



Current s 

When something Is connected between the terminals of a 
battery, electricity will flow and we call this flow Current # 
Sometimes current Is called electrical current . In any case. 




The force available to 

* 

push current between the 
two battery terminals 
Is called 



(a) 



The electricity which flows 
between two connected battery 
term Inals Is called 

fb) ’’ 



Amperes ; 

Current Is the flow of electricity; the amount of current 
flowing is measured In amperes. Amperes Is usually called AMPS. 
Just as your height Is measured in feet and inches, and water flow 
is measured in pints, quarts, or gallons, electrical current is 
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m 



measured In 



w 



So, suppose someone asked you to tell 



them how much current was flowing In the wire In the below diagram. 
You would measure the amount of electrical current flowing through 
the wire and then would describe this amount In terms of 
Your answer might be 3 Amps, 5_ 



TcT 



15 



w 



TE7 

or whatever 



number of Amperes was found to be f I o win g In the wire. 




Let f s again look at a transistor radio with Its back cover 

c 

off. You should be able to name four of Its parts. 

J 

NAME (e) 

NAME (f) 

TRANSFORMER 



NAME “(h) 




NAME (e) 



COIL 
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Now try drawing the schematic symbols for these four parts: 



Notice that the previous picture contains two parts which 
we haven't talked about before. One part Is called a COIL. The 

other part Is called a TRANSFORMER* 

MORE SCHEMATIC SYMBOLS 
Col Is: 



like a piece of colled wire wra rr round a piece of cardboard 
Sometimes the coll Is wrapped around a piece of Iron bar, like 



When the coll is wrapped around a piece of lron > l + ,s drawn 
like this. The lines stand for the Iron bar - 



Trans 1 stor 



Battery 



Resistor 



Capac 1 tor 



Col Is look I Ike this 




They look 



this 




The symbol for a coll looks like a coll. 




Transformers? 



The radio on the previous page contained a TRANSFORMER. They 
look like this * 




The symbol for a Transformer Is drawn like this 




As with iron-core COILS, the lines between the coil symbols 
of a TRANSFORMER are the symbol for the iron-core of the 
transformer . Most transformers have iron cores. 

Al I transformers have at least two separate coi I windings. 
In many transformers, the two coil windings are wound one on top 
of the other, like this........ 




In other types of transformers, the two coils are separately 
wound on different parts of the transformer, like this........ 





massmm 
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The pictured transformers are electrically the same. The same 
symbol would be used for either one. Draw what this symbol looks 

like. 



(a) 

TRANSFORMER y mBcJU 

Sometimes a transformer must operate directly on radio waves 
When this Is so, the transformer may not have an Iron core. 
Instead It will have an "air-core . 




The symbol for this "air-core" transformer Is: 




The double lines for Iron core are Just left out. The utmost 
in simplicity, isn’t it? 



Now let’s review a bit. This svmbo I 

with an c ore 

(c) 




stands for a 
picture of a__ 



— n?5 — 

whose schematic symbol looks like 
I i nes in this symbol 311 



“OT 

0 . The straight 



CeT 

stand for an 



And lest you 



(f> 





stands for a 



(a) Name 



Vacuum Tubes ? 

Before "fC ) came Into use, their Job was done by vacuum 
tubes. Vacuum tut/es are still used in many radios, TV, 
phonographs, etc. because they can do some things that a 
transistor cannot do. Vacuum ,« come in many sizes and 

W u u , 

shapes. Two types of vacuum tubes are shown below. 




To work properly, vacuum tubes must have a vacuum. That Is 
he purpose of the glass bulbs^lt allows the air to be removed 

rom inside the bu I b 




and then prevents air from getting back inside. Incidentally, 
vacuum tubes are usually called TUBES. There are many different 
types of TUBES, but all tube symbols usually look something like 

this 
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Let 1 s exam I ne the symbol for a tube more closelyt The circle 
stands for the bulb of the tube, (lt*s a lot easier to draw than 



a picture of a vacuum,) 




As a tube symbol suggests, there are a lot of things Inside 
the bulb of a tube. We can f t touch these parts. (It would be 
like killing the goose that laid the golden egg.) We can either 
have our vacuum tube or break It open and look Inside. 

, | . 



NUMBERING SYSTEM FOR TUBE PINS AND TUBES 

8 

Tube Pins : 

CM 

We can use the things Inside the tube only because they are 
attached to the pins which stick out of the bottom of the tube. 
There are the pins at the base of the tube.... 



The number of pins on a tube differ from tube to tube. But, 
no matter how many pins the tube has, there often will be a place 
which looks like a pin Is missing. 



This space between tube pins Is very helpful because It tells 
you where to start counting the numbers assigned to each tube pin. 
That f s right, all tube pins have a number ... I, 2, 3, ... Tube 
pins are always numbered clockwise looking at the pins. And, 

(as shown In the above diagram) the first pin on the right, or 
clockwise from the space, Is the number ,, l n pin. Pin number ,, 2” 

Is the second pin clockwise from the space. 

As you look at radio and TV tubes, you will find that some 
tubes don 1 1 have any extra large space between two of their pins. 
Instead, they contain a center rod which has a hump on It. This 
hump Is called a "key” and It points to the space In front of the 
number one pin. The bottom of such tubes look like this... 

in #1 

Diagram A Diagram B 

For these tubes, the number "I" pin Is the first pin 

clockwise or to the right of the n key H . OK then, what Is the number 

of the pin marked **X 11 in Diagram "b" above? It Is pin ft 

(fill In) . 
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Perhaps you have noticed that a tube diagram or symbol seems 

to be drawn two different ways. The bottom of the tube Is drawn 
like this 



Arrow 




Space 




or counter 



clockwise 



and the tube pins are numbered c I ockwl se 

(check one) 

from the space on the arrow. This type of diagram 



Is called a "tube-pin" diagram. 

The tube schematic or symbol which we first showed you looked 



like th Is. , , . . 



Wire ITead 




4 5 



This type of tube symbol shows that parts are Inside of the 
tube. The lines sticking out from the tube bulb represent wires 
that are attached to the things Inside the tube. These wires are 
called " wire" leads 1 * or " leads ". You can f t see these leads because 
they are inside the tube pins. Each wire lead can be numbered, 
but notice that they are not numbered In any particular order In 
the schematic. 
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As you might guess# tube pins and wire leads are related In 
that wire lead ft\ Is attached to tube pin ft I; wire lead § 2 Is 
attached to tube pin ft 2 , and so on. 




As we said before, there are many different types of tubes, 
and the symbol for each of these will be different In terms of the 
kinds of lines drawn Inside the symbol. On the next page we have 
drawn the Tube-pin Diagrams and tube symbols for three types of 
tubes. The wire leads are numbered, and in each tube symbol 
one of the wire leads is circled. For each of these sets of 
diagrams, would you put an "I” over the tube pin that corresponds 

to the circled wire lead. 
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Did you notice that on the previous diagrams the tube 
symbols were labeled VI, V2, and V3? Well, the tubes of a radio 
or TV are numbers from ” I ” onward. The letter ”V” stands for 
"tube 11 . Thus, n V3 n means n tube number 3", Notice also, that it 
is only the schematic symbols of the tubes which are labeled 
with a ”V”. The other diagrams, the ’’pin diagrams 1 ’ are labeled 
”XV”. The ”X" means ’’Tube bottom” and refers to the fact that 
’’pin diagrams” show the bottom of tubes. OK then. In the below 
diagrams, which pin diagram goes with the tube symbol - 
Diagram A, t , Diagram B or Neither ? 

PIN DIAGRAM 

A 1 ^ • 



PIN DIAGRAM 

B 

Some TV meters do not bother to use this "XV" label for the 
"tube bottom". 




TUBE 

SYMBOL 
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TUBE ELEMENTS 

Plates, Cathodes. Heater : 

Do you remember what we said about electrical current? We 
said that electrical current or electricity flows when the 
terminals of a battery are connected. Now, electrical current 
flows through electrical parts, and. In a vacuum tube the main 
electric flow Is between two parts which are Inside the tube. 
These parts are called the plate (or anode! and the cathode. As 
shown below, the symbol, the symbol for the "plate" looks like an 
upside-down "T"j and usually Is drawn at the top of the tube; the 
symbol for the "Cathode" looks like an upside-down "L" and Is 
usually drawn at the bottom of the tube. 



DIRECTION OF 
CURRENT FLOW 




To keep current flowing through a tube, a continuous supply 
of heat Is required. This heat is supplied by the "heater." The 
arrow below the cathode represents the "heater." 




(a) Word 



(b) Word 



on next page.) 
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Every vacuum tube must have a heater.* The heaters of all 
vacuum tubes must be supplied with electric power from an external 
source; such as a battery# or a wall outlet. Therefore, we often 
show all the vacuum tube heaters of a radio set# or what-have-you , 
together. 



When this Is done# the tube symbols are shown without their 
heaters . 



Notice that each tube end heater symbol Is Identified by a 
number V I , V2, V3, V4 . 

What do the numbers at the heater leads mean?__ 



Source of 
Electric Power 




* 



♦ 



VI 




3 



4 



V2 




3 



4 



7 



7 



and so on 




VI V 2 

e/Nfc srV 




b 

« 



0 



#There are a few exceptions. 



E 1 ectr 1 cal Grids ; . 

Between the plate _L and the cathode '"j of most tubes there 
Is a wire mesh. It looks like a piece of screen. This Is called 
a Grid. A tube diagram containing a grid looks like this 

-PLATE 




CATHODE 

When electricity or current flows in the tube, the direction 
of this. flow Is from the cathode to the plate, and this current 
must flow through the grid, like this. 




(CCNTRJL) GRID 

As electrical conditions on the grid are varied, the flow 



of cathode-to-p I ate electricity is varied. In other words, the 
gr ld can control the amount of current flowing through the tube. 
This is why a grid is sometimes called a contro I gri.d . 

A tube may contain more than one grid depending on the 
purpose of the tube. Each of these other grids has a special 
name. For our purposes, we wl ! I call them suppressor grl.ds and 
screen grids . Remember, though, that it is the control grid which 
is always located nearest to the cathode, and it exerts the most 



control over current flow In the tube. 
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(a) 

Now, on the diagram above, enter the names of the element 



I eads * 



CONNECTIONS AND NODES 

Let us return to the Inside of a radio and find out how to 
draw the connections which exist between Its parts. First though, 
let’s review the symbols for these parts. They are 




the 



( ) 

(h) name 



th ©VvVH 



(f) name 



the — 1£- ( 



(i) name 



the 






( 



the ^ ( 



(g) name 



(55 name 
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E I ectrl ca 1 Connections? 






Jl 



n 



LJ 



r o 

lERLC 

Hi 



OK, that's fine. Now, for a radio, TV, or any other piece of 
electrical gear to work, Its electrical parts must be connected. 
Parts are connected with wires, and the symbol for a wire Is a 



line. That's ail, Just a line, like this..£ 



-> 



Oo you remember what sticks out from most electrical parts? 
That's right, pieces of wire, which are called I eads . (sometimes 
they are called plgtal Is ) . These wire leads are used to connect 
parts together or to connect parts to lengths of wire. And, when 
two pieces of wire are connected the connection is shown by a 
"dot," like this...... 



As an example, let us show by symbols how to draw a resistor 
and a capacitor connected to a piece of wire. First there Is the 
wire symbol which is a straight line. 



Then we add the resistor symbol with Its wire leads sticking 

* 

out of it. 



Now we connect the resistor and wire symbols and show that 
they are connected by placing a "dot" where they are drawn together 



The capacitor symbol cart now be added to the diagram. 

T 
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As the last step, the capacitor symbol Is connected to the 
wire symbol and a "dot" used to show the connection. Pretty easy, 
Isn't it? — 



r~T 






OK then, you try it. On the diagram below draw the symbol 
for a coil and show It as connected to the wire at Point X. 




E I ectrical Nodes; 



In the last two pages the diagrams showed each part as being 

~ 1 1 T - 



separately connected to the wire, like this.... 






T 



< 



/|N 

I 



I 



Now suppose we diagram these connections to look like 

0 

this .... 




Now the parts are shown as being connected together at the 

same point. Does this make any difference? Is there an electrical 

difference between the two diagrams immediately above? Nol There 

« 

is not. The joining of the part wires to the common wire has the 

same effect electrically, as connecting all the wires to the same 

* 

point. 
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It does not matter In what order the parts are connected# 

* 




# 



or In what position the parts appear 



\ t r * 

”71 








In other words, of the areas circled In the last three 
diagrams, each belongs to the same electrical point . A common 
electrical point Is called a node « 



NODE 

(common electrical point) 







■* 





4. 



V\AA 

Rl 




2-26 



This Is one node, even though there are three connections. 







1 

"\W — 



This Is one node also. ^Notice that In this diagram a "dot" Is not 

used to show that the two parts are 

« 

connected. This often the case when 

t i 

parts are shown In line with each 
other on a schematic diagram. 

How many nodes are contained within the circled area In this 

> 

diagram? That's right, only one. 



V\AA 



X 






VsAA 




Now look at this diagram. It contains two nodes. Why Is that? 

1 Because, there Is no way for current 

to flow from the first node to the 
\ # 

NODE second node without going through 

l an electrical part . 
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As you should have noticed, a circle drawn around a node contains 
only wire and connections. It can not contain a part. 









✓ 



-r~1 1 

Let’s see if you have learned to recognize nodes. In the diagram 
below, draw a line around each node. How many nodes In the total 



diagram? It has^ 



nodes 



♦ i 



w 




ft 



/Y\ 



1 



Vacuum tubes have nodes? In fact, they have quite a lot of 
them. For example, look at the following vacuum tube symbol. Are 
any of Its leads connected to each other? No? This means that 

each lead or terminal of the tube Is 
a node or fs part of a node. In this 
figure there are a total of five (5) 
nodes • 




In figure 
there are 



VI below, there are 

nodes . 

(c) 




nodes , 



and 



In figure V2, 

* 





OK, now for the big test. Look at figure V3 on the next page and 
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draw lines around the nodes of the circuit and count them 



the number of nodes. 



» 



A stray end 
like this is 
also a node. 




V3 



This diagram contains nodes. 

* 



Remember nodes stop when they get to parts. 

a node can come up to any number of parts. 
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However, 






Electrical "Ground”? 

BTT1 — .L.- 1 - 4 

Sometimes It Is difficult to draw a schematic diagram which 
Is not cl uttered-up with lines which represent wires. One way of 



eliminating some of these lines is to see a "ground” symbol which 






looks 1 1 ke this ^ 

As an examp I e, exami ne the two diagrams below. In the one on the 
left, the parts Rl, R2, C2, and R4 are all connected to the same 
wire. You recognize, no dgubt, that these four parts are all 
connected to the same electrical node. Now look at the right- 
hand diagram? the wire has been removed and the four parts are 

._L ' Jo 

shown as attached to " ground " « — ^*>3 Go 



Cl 







It W M | 




[i" ' 

/"] 




CEZ 

/ 




/ f / / 



Electrical 

Node 



Wiftfc* 




The ground symbol ^ | \j is used to simplify schematic 
drawings. The symbol Is Useful also because it Indicates those 
points and parts which are connected to the same electrical node 
That f s right, every point or part connected to a ground symbol 







mmsmsmasm 







The ground — 1 s connected to one side (the "ground side") 
of the power source. This Is convenient because there will be a 
number of parts which have to be electrically connected to this 
"ground side" of the power supply. If each of these parts were 

i 

directly connected to the power supply, It would take a lot of 



wl res. 



G" 1 ■ "\/\/\/^" 

ponm 

SUPPLY 



vw 



t 



vVSA 1 



<f 



Separate wires connect 
parts to power supply 



Instead of using a ground wire for each part which must be 
grounded, the parts can all be connected to a single "ground wire" 
which can then be connected to the power supply. 



O vAAA 



■\AAA- 






O 



Parts connected to a 
common ground wire 



GROUND WlftE— — 1 * 

Another way of doing the same thing Is to attach the ground side 
of the power sqpply to the metal chassis of the radio or TV. 

This chassis becomes the "ground" and those parts which must be 
grounded (attached electrically to the ground side of the power 
source) can now be attached to the metal chassis. Th,l s saves a 



lot of wire and clutter. 



CHASSIS 



Q- -v W 



o 




v\AA 




vWA 



Power supply and parts 
grounded to chassis 
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READING SCHEMATIC DIAGRAMS 
Labels and Numbers of Parts? 



On most schematic diagrams there will appear a number of 
res I stors# capacitors# col Is# etc. There must be# therefore# 
some way to Identify each particular part. In the diagram below, 

you will notice that there are a number of resistors. Each 

* 

resistor has been given a number. In addition, the value In ohms 
o> each resistor Is Indicated. This makes It easy to locate any 
particular resistor on the diagram. 



NOTE: 

All va I ues I n 
ohms unless 
noted otherwise 




This system of numbering becomes very Important as more and 
more parts are added to the schematic diagram. 

You probably noticed that all the resistors are numbered with 
the prefix ,, R ,, .‘..RI, R2, etc. This identifies the part as a 

. All the different part types have their own letter, 
and these letters are usually used when describing the way parts 
are connected, as# for example# u The o.ther side of R28 Is 
connected to C23. u A list of part name§ and the letter symbols 
which represent them appears In Appendix B. For now, you need 
know only the following letters. As a review# draw the schematic 
symbols for the five parts listed below. 

«. * 
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R = resistor = 



(a) symbol 

C = capacitor s 

(W symbol 

L = coll = 

(c) symbo I 



T = transformer « 

(d) symbol 



V = (vacuum tube) = 

(e) symbol 

In previous diagrams shown In this booklet, we have drawn 

the connection of parts In a number of different ways. But, no 

« 

matter how the diagram may be drawn, It Is Important to be able to 
recognize those parts which are connected to the same electrical 
node or which lie between two electrical nodes. So....... In the 

following diagram, a number of parts are connected (electrically) 
to R47 . Would you list these parts in the blanks provided? 





Now let's try another version of the same thing, in the 
following problem, would you list all the parts which lie between 
electrical nodes A and B? B 




I . 
2 . 

3 . 

4 . 



5 . 

6 . 

7 . 

8 . 
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As you probably Know, the way In which parts and wires are 
arranged In a radio or TV will differ from that shown on schematic 
diagrams. What Is different Is the phys lea I arrangements of the 
parts and wire; the e I ectr ica I arrangement Is the same. Thus, a 
repairman has to learn how to read schematic diagrams and then to 
locate specific parts and wires on the actual radio or TV. We 
ca I I this Chassis Navigation . We are not going to teach you 
chassis navigation right now, but, Just to give you an idea of 
what this Is all about, here’s an example. The following physical 
picture shows how the parts shown In the last schematic diagram 
might be physically arranged. But, we have drawn the picture, 
so that a part Is mlssIng.Canycutell what part has been left out, 
and what part or parts It should be connected to? 




Part left out 

(a) ' 

Part or parts 
connected to left 
out part 

(b) • 



Tracing the Electrical Path between Tube Pin and Ground ; 

As you will learn shortly, It Is very Important to be able 
to look at a schematic diagram and recognize all those parts which 
are connected berween a tube pin and ground. In fhe diagram below 
for example, there are two parts, R2 and C2, which lie between pin 
3 and ground. Would you list all the parts connected between pin 
2 and ground? In these and similar problems, always assume that 
the tube has been removed. 




I * 4 * 

2 . 5 . 

3. 6. 



o 

sl( 

mm 



m 
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Now try this problem,,,,,. 

List all the parts that are connected between tube I pin 5 and the 
node common to Rl and Q 2 with VI removed; 




I . 
2 . 

3. 

4. 

5, 

6 , 
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CONNECTED AND UNCONNECTED WIRES 



Oftentimes schematic diagrams are arranged in certain ways 
so as not to require a lot of space. When this is done, it often 
happens that two unconnected wires have to be drawn as crossing 
each other. In such cases the ’’dot" Is omitted. Remember also, 
that when two wires are connected, one node is formed. If the 
wires are not connected, then there are two nodes involved. 



Oftentimes a wire is drawn as making a right angle. No 
"dot” is shown when a wire line makes a right angle bend only. 



Remember also, lhat when two parts are directly connected, 
the connection "dot" Is usually omitted. 



Now for a problem. The following circuit contains four 
nodes. Draw a line around each node. 





Connected wires 



Not connected wires 



The f, dot M Is present 
I node exists 



The "dot” is not present 



2 nodes exist 




no !, dot u necessary 




“dot 11 necessary 
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Now | el* * s try on© more problem deal Ing with nodes# The 

following diagram shows nodes. Draw lines around 

number 

each one of them. 




pnrr\ 



CONDUCTORS AND INSULATORS 

What are nodes made of? Nodes are made of wire conductors. 
The most common conductor Is cooper. Aluminum and silver are also 

c 

good conductors. Metals In general are conductors and so Is dirty 
water. Electricity flows easily a conductor. Conductors do not 

res I st or prevent electrical flow. 

Wire conductors are contained Inside of the flexible cable or 
cord which Is attached to most lamps, radios, TVs, etc. An 
enlarged and cutaway view of such an electrical cord shows two 
conductors . 

Now then, what material surrounds these conductors? It Is 
usually rubber and may be plastic. But, the Important thing Is 
that this material "Is an Insulator." 8 An Insulator does not 
let electricity flow through It easily# It resists the flow 
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F 






of electrical current, | 

i 

i 

While electricity flows easily through a conductor ■ 







\ 

j 






electricity has the toughest time getting through an Insulator. 
Hardly any gets through. 




Insulators and Insulation are a very Important part of all 
electrical circuits. They are needed because electrical nodes 
must be kept electrically separated or "Insulated 11 from each other. 

An often-used way of Insulating nodes and holding radio and 

* 

TV parts In place Is the use of terminals In a plastic board. 







The parts and wires are attached to the terml na l s , and the 
terminals are attached to the board as shown by this cut away 
picture? 



Terminal 




Insulation 

Board 



(KID & 




% — cnn=3 



Draw the schematic or symbol diagram for the above wiring picture 
here 
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Now let us review a bit before we see of what use nodes are 
in electronic repair: 

Nodes are made of * a" d electricity flows 

a word 

easily through them# 



Between the nodes are the electronic parts# 




» 



Nodes are held mechanically apart by 




Id 



word 





RESISTANCE OF ELECTRICAL PARTS 

Conductors offer very little resistance to the flow of 
electricity, while insulators offer very much resistance to 

electricity flow. Therefore, 

Conductors — do not resist electrical flow 

* 

Insulators — resist electrical flow 
we say that conductors have a low resistance and that Insulators 
Have a hiah resistance. The electrical par+s which exist 

Xrj f ♦ - 

between electrical nodes 



X- 



have a resistance to electrical flow that Is between the low 



resistance of 



s and the high resistance at 



name 



s * 



name 

The resistance of a particular part to the flow of electricity 
is a basic property or characteristic of that part. We call this 
the part's " res I stance . " The resistance of a part can be measured. 
This measurement Indicates where the part lies on the resistance 
scale between conductors and Insulators. 



Conductors 



Very low 
Res I stance 



4 



Parts 

colls, resistors, capacito r! 



0 ohms to 5 ohms 




res I stance 
depend I ng 
on 
part 




I nsu I a tors 



very high 
res 1 stance 



lo, ooo, ooo ohms to 
infinite resistance 



SCALE OF RESISTANCE 
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Ohms and Ohmmeter& t 

Resistance values are measured in units called Ohms « Ohms are 
a unit of measurement, just as are the measuring units of pounds, 
inches, and so forth. Differences in weight are measured and 

described in terms of tons, pounds, or ounces. Differences In 

* 

resistances are measured and described in terms of ojh ms . 

Just as we have scales to measure weight exactly, so we have 
ohmmeters to measure resistance exactly. You may not recognize the 
term n ohmmeter n but perhaps you have heard of multimeters. A 
multimeter is a very common electrical testing device which Is 
really three testing devices. When a multimeter Is set up in 

a certain way, it functions as an ohmmeter . 

An ohmmeter is used to measure the resistance of electrical 

parts. An ohmmeter has a meter face and a pointer 



u is 



OHMS 






1 



which points to the numerical resistance value of the part across 
which the ohmmeter is connected. 
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More will be said later about ohmmeters: 

The Important thing to remember now Is that the 

has two wires which were connected to 

Instrument's name 

the opposite ends of the part being measured, and It has a scale 
and pointer which shows the value of the part resistance In ohms. 

The resistance of an electrical part Is a relatively fixed 

* 

characteristic of the part. The resistance of a part will change 
slightly with temperature and with use, but the change Is not very 
big. In addition, It Is very difficult to make electrical parts 
which are Identical twins. This means that the same types of 
electrical parts seldom will have the exact same resistance. 

Just as every adult foot wl I I scale In at about one foot In 
length, so will every 250 ohms resistor scale In at about 250 
ohms In resistance. 
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In order to repair electronic equipment, a repairman 
must know what resistance to expect from each part, and how to 



Interpret error readings on the ohmmeter. 

For this, let us review the basic parts of the transistor 




Fill In the words for the parts below? 



Symbo 1 

vVV- 


WORD 

(a) 


PICTURE 


— *! — 


(b) 


,2/ o o O 7p J 


prr'O 


Tc T 

CORE 


! 

1 

<SS$j 

| 

i 


*+• | 
j 


(d)“ 


» m=£=xt cti mm» wmmmm m: cr.^ 


c 


'(e)” 


1 




| mm m mm «mm 


(f) 




Vr 
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COLOR CODES 



Electrical parts such as resistors, capacitors, and coils 
may have color codes# These codes describe the important 
electrical characteristics of the part# In this section, you 
will learn how to read these color codes. 



Res I stors; 

We will discuss resistors ( *\AAA" ) first because its 

function is to have resistance. A resistor ( * 0 ~ (XECZ n^ ) Is 

bui It to have a definite ohm value of resistance between its 

'OhmS- 

mc 



terminals ( 



The ohrfrvalue Is indicated on the resistor, either in numbers 



— - £550x1. ^ 



or hidden In a manufacturers catalog number 

•v r — £7604766 



or, as is usually the case, in a color code. 



w-—- <MZD^ 

The ohm value of the resistor Is coded in terms of four color 
rings on one end of the resistor. This permits us to read the 
value from any side of the resistor. 
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Res I stor: 



O — rmn - 

End view Resistor Side View 

no information 



III! 



Resistor Bottom View 



Ten different colors are used (standing for the numbers 0 to 9). 
The coding scheme Is seen In the following example: 



36Q&mpHMS 




COLOR 3 

COLOR 6 — r / ■ ,i 

COLOR 4 / TOLERANCE RING 

What is the ohm value of this resistor? 



£E5I.R1NQ= NUMBER 

SECOND RING =f\JI JMftFP 

ME Ls ma "NUMBER OF 
. ZEROS 



COLOR 2- 
COLOR T 
COLORS 




OHMS 



-TOLERANCE" RING 

» 



You will need to know what color stands for what number before 
you can use the code. This information Is listed in Appendix B. 
Someday you may want to memorize Appendix B, but for the present, 
that Isn f t necessary. 





Resistor Tolerance; 



So far we have talked about the first three color bands on 
a resistor. Now !et f s talk about the fourth band. This band or 
ring is called the "tolerance ring. Let’s find out what "resistor 
tolerance" is. 



Ill 



''—TOLERANCE RING 






The resistor manufacturer has a hard time controlling the 
exact ohm value of his resistors. He may be trying to produce 500 
ohm resistors, but when he measures his product he may get 
resistors of 490, 475, 480, 520, 505, and so on. These are grouped 
as 500 ohm resistors; but the fact that they are not exactly 500 
ohms must be indicated. This is done by expressing the resistance 
with a tolerance or error zone added; as for example; 

500 ohms + 5 % 

The 500 ohms resistor may vary as much as 5 per cent from the 
value given. 5 % of 500 ohms Is 25 ohms. So, the resistance may 
be anywhere between 500 minus 25 = 475 ohms and 500 plus 25 * 525 
ohms . 



500 OHM) 

BASE VALUE; 49 ^ 






11% TOLERANCE 
ZONE 




450 



475 



OHMS 



This 



+ 5% TOLERANCE ZONE I 
±I0%T0LERANCE ZONE 1 

tolerance or error zone Is quite common and will occur 



with all parts. Notice that we can limit the values of the 
resistance closer and closer to the "base" value of 500 ohms by 




decreasing the tolerance to 1$ or even 1/2$ (0,5$). 
Questions*. 



1, A 400 ohms + 1$ resistor will vary between 

400 - s ohms 

and 400 + = __ ohms 

2. A 300 ohm ± 5$ resistor will vary between 

- = ohms 



and 




ohms 



3. A 900 ohm + 10$ resistor will vary between 



ohms 



and 

On to the color coded resistors 

3_6Q QHM5 



ohms 



COLORS 

COLORS 

ZERO&I 




•TOLERANCE RING 



the 4th ring tells the tolerance or error limits as follows 



+ 20$ * no ring 
+ 10$ = silver ring 
+ 5$ * gold ring 

Gold is better than silver here. As an example, a 250 ohm 
resistor with a gold ring for the tolerance band should have a 
resistance value of no less than 237 ohms, or a resistance value 

no greater than _ ohms. 

(3) f i I I in 



In measuring a part with an ohmeter you will have to take 

tolerance Into account, 

♦ 

As a second example, is the following resistor good or 




Now that we have pretty well beaten tolerance to death, let 
us look at other things. 

Namely, you know the basic unit of resistance. What is 
it? Just as there are feet, yards, and miles; so 

CoJ 

also ohms have their larger units. Instead of being named in groups 
of 12 (ft.) or 36 (yd.) or 5,420 (mi.) pnits as inches are, ohms are 
named in units of 1,000 ohms and 1,000,000 ohms. 

The term ,r k l I o M means one thousand , and the term ,, meg n means 
one million . (See Appendix A) Therefore, a thousand ohms is called 
one ki I ohm or "one K," and a million ohms would be called one 

megohms or "one meg." Thus* 

1 , 000 ohms = I K = I ki I ohm 
1,000,000 ohms = 1,000 K = I meghoms 



You will find the prefixes 11 k i 1 11 (1,000) and ’’meg 11 (1,000,000) 
used again with other units* These and other prefixes that indicate 
multiples of 1,000 are in Appendix A. 



Exerc i se 






1 . 


240,000 ohms * 


K 


2. 


12 Megs s 


ohms 


3. 


3.6 meg * 


K 


4. 


1 , 200 ohms s 


K 


5. 


1 , 800,000 ohms* 


meg 


Jus 


t as the plan for a 


house may contain the general note 



"All dimensions in feet unless otherwise noted," the diagram for 
an electronic circuit may contain«the general note, " All resistance 
values In ohms unless otherwise noted." 

Just as we use the abbreviation ft. or (’) for feet, we 
use this strange symbol ( jXL. ) for ohms. 



Capac I tors \ 

You have just learned how to tell the value of a composition 
resistor by reading the color code. The colors are used not only 
for this type of resistor but for other types as well, and for 
certain types of capacitors. This Is a drawing cf a molded mlcg 
type capacitor. 

Colored Spots 



Our old friend, the domlnoe. 

Those spots, however, are colored. The colored spots are 
used to describe the size and tolerance of the capacitor. 

laOlp 

Always White or 31ack-~4*Q (f Figure 




C las s* 3 *^ 5 -**^. 

Tolerance- 



ilt ip lier 



The color of the upper left hand dot depends upon whether 
the capacitor Is a RETMA or MIL type. (RETMA Is the type you will 
usually find In commercial electronic devises. It stands for 
Radlo-Electronlcs-Televlslon Manufacturers 1 Association. This 
association has produced a standard for marking electric parts.) 

It will be black for MIL and White for RETMA. The colors of the 
second and third dot from left to right on the upper row are the 
first and second figures of the value of the capacitor. For 
example, yellow-violet would mean 47. That’s fine, but 47 what? 
The bottom right dot is the multiplier and It tells us what to 
multiply the 47 by (how many zeros to add) In order to find out 
"what.” If the multiplier dot were red, It would mean to multiply 
the 47 by 100 (or add two zeros) so that the capacitance would be 
4700. The unit of measure to use here is the micromicrofarad, or 
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picofarad. The meaning of capacitor color codes is listed in 
Appendix B, 

Like resistors, capacitors have their t oleranc es too. This 

is given by the second dot In the lower row. It will 

plus or minus 20, iO, 5, 2, or It 

The class has to do with other properties of the capacitor, 

such as working voltage, insulation resistance, etc. You will not 
be concerned about such matters, as they are of principal value In 
design. In your repair work, you need only replace the part with 

its equivalent to be safe# 

Have you noticed the arrow-like symbols along the upper row? 
They are molded Into the case to tell you how to hold the 
capacitor when reading It. Always make sure the arrow points to 

the right. 

Another type of capacitor you may see Is the disc ceramic ty ^e 

They look like this *.2nd figure 

1st f igure^ multiplier 

temperature^T tolerance 

coefficient^ y 

The dots are dabs of color, and stand for the numbers you have 



already come across. 

Another type of capacitor is the molded paper capacitor . 



These are often tubular, and look something like a larger 
composition resistor. But notice that capacitors have more bands 
of color. The resistor has at most four, but the capacitor has at 



most six 






1st figure 
— 2nd figure 



V- 




£ 

"VS 


'Si 

£ 




i 
















1st figur 
2nd figure 
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voltage 



B1 










Some manufacturers print the value of the part right on the 
part, and In addition color code the part. But, you can't depend 
on finding every part so marked. Ease In using the color code will 
help you to Identify a part without measuring It, and save you time. 



SCHEMATIC SYMBOLS: NEWER PARTS 

As you know, schematic symbols were Invented because It Is 
easier to represent an object with a symbol than to show a picture 
of It, In addition, the symbol Is designed to show the most 
Important thing about the object. The symbol for a resistor Is 

Now, you can't tell from that symbol whether 




the resistor Is rated at 1/2 v/att , or 1/4 watt; It If Is 10$ or 



20$; whether It's firecracker-shaped or any of a number of other 
things which would describe It more accurately. The symbol merely 
states that the part It represents Is a resistor and not a 
capacitor or some other electrical part. 

There are many more symbols used In schematic diagrams than 
you will come across In your studies here. As new devices are 
Invented by engineers and scientists, new symbols are Invented to 
represent them. Every day that passes seems to have Its own quota. 
We sha I I be concerned only with those symbols that have to do v/Ith 
TV. You have already learned some of them. You are now going to 
learn some more. 
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Electrolytic Capacitors? 

The symbol for a capacitor you have learned Is __ * 

The fact that one side Is curved means that this Is the side to 



connect to the low voltage (or ground side). 

Sometimes you wl I I see — or -y rather than /q*s • 

In this case, the convention was not followed. Don’t let It 

throw you. The symbol Is stl I i a capacitor. 

When you see itj^J It means the capacitor has a special kind 
of construction which makes It capacitance value right. These 
jJ -1 ar e called "electrolytic” capacitors, and are normally 
found In pouer supplies. As a matter of fact, you will often see 
In power supply schematics a circuit that looks like this ...... 



o 



lS~C45A 



o 

A I ^iJC45B 

a mm i — m 



Never mind the Iron-core coll for now (called a choke) but 



notice the half moon and the triangle, and the C45A, C45B. As 
you have just learned, these are electrolytic capacitors. But 
what you probably don’t know Is that they are in the same ’can. 

The half moon ( ^ ) and triangle ( A ) are actual ly punched out 
of a fiber card In the bottom of the can next to their terminals. 
The purpose Is to identify which terminal belongs to C45A and which 
, to C45B. Sometimes a square (O ) is used. Be on the lookout for 

find the sections of a capacitor 



these symbols --- ybu may even 
in widely differing circuits. 



• 9 • * * 



You might also see a symbol like this 

1 X 

—r~ 

This symbol stands for two capacitors In one container. 

* 

Are they e I ectro I yt i cs? If you said yes, compare the way the 
symbols are drawn. Notice that the e I ectro I yt I cs seem to have 

a U-shaped part. 

Although there are standards for drawing the symbols, 
different manufacturers often draw their symbols differently. 

Anyway, you can always look up the part In his parts list to 

be sure. 

Therml stors; i* 

If you see a symbol like thlsm) It stands for a 

resistor which changes Its value according to Its temperature. 

It Is called a thermistor . They are used when other parts In a 
circuit change their resistance In an unwanted way. The 
thermistor wlll'change Its value In an opposite direction to 
compensate. The actual resistance of the thermistor at room 
temperature will depend upon the manufacturer and the type. 

The value of a thermistor can range from less than 100 ohms to 
the megohms. Their resistance decreases as they heat up. Their 

value decreases at a rate around 4? for each degree of temperature 

* 

change. Since most metals (like copper) Increase their resistance 
as the temperature rises, you can see that thermistors can be used 
for temperature compensation. .. that is to keep a circuit 
resistance constant. 
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Voltage Dependent Resistors*, 

There is another type of device now used in TV’s.^Jt is 

called a voltage dependent resistor. Its symbol i s (^< y) 
Symbolically the only difference between it and the thermistor 
j§ in the letter. The value of resistance which this device has 
depends upon the voltage applied to it, not the temperature. 
Semiconductor Piodes:_ 

Earlier, you learned the symbol for a transltor. A 
transltor Is a semiconductor device. A semiconductor diode 



L( belongs to the transltor family. 1+ actually 

existed long before transltors did. When you measure the 
resistance of an ordinary composition resistor, It doesn't matter 
how you connect the ohmmeter to It, you still get the same 
resistance. When you try to measure the resistance of a 
semiconductor diode, you will find that the value you measure 




It Is this property which makes the semiconductor diode useful 
for reactlf Icatlon of AC Into OC. It Is also useful as a 
detector. (A detector removes the high frequency as from a signal, 
and leaves a low frequency signal having the same shape as the 
high frequency did. You will learn more about such matters later.) 



Duai Diode or Varistorf 

* i .na^wiiiiiiin 

When two semiconductor diodes are connected within one 

case, so that the points of the arrow heads meet, -the combination 

is sometimes cal led a dual d i ode (because there are tv/o of them)# 

The -►|4" i m > is sometimes called a var i stor >_ 

name 

Which name to apply to the symbol depnds upon Its construction, 
and that depends upon how it Is intended to be used. 

As you undoubtedly know, radio v/aves travel through space 
and through most solid objects, too. The material of which the 
object is made will determine how well the radio wave gets through 
it. There are circuits In most TV's and Radios which could be 
affected by unwanted radio waves. Engineers found that by enclosing 
these circuits in metal cans, or by surrounding wires with a braided 
metal tubing and grounding these to the chassis, they could pretty 
well eliminate interference. 

Shield! ng ; 

The symbol generally used to represent such a type of 
mechanical construction Is a series of dashes 




Shielded Can 



— 

m 

Shielded Wire 



Sometimes a dashed line is used for showing a mechanical 
connection as between a knob and a shaft. But you will have no 
confusion, since it will be easy to tell what's meant by the way 
the drawing Is made. 



Tuna ble Transformers? 



(draw symbo 1 ) 



You have learned the symbol for a col I 



for an Iron-core col I 

( 

for a transformer 

for an I ron-core transformer 



£draw symbol) 
(draw symbol ) 



r ( d raw symbo I ) 

(d) “ 



Here Is a symbol v/hleh looks very much like an Iron-core 
transformer.... — — - 



Notice the difference? That arrow means that the core can be 
moved In and out of the transformer, usually by means of a screw. 
This symbol Is likely to be used for IF transformers to Indicate 

that they are tunable. 



We have learned about electrical nodes; about some 

electronic standards and conventions * anc ^ we ^ ave 

studied resistance which Is what Is measured with an ohmmeter 
There are many more electronic symbols, some ot which you will 
learn about In subsequent booklets In this series. 

Before closing this booklet, look again at the Appendices. 

They contain very useful information, which a practicing 
repairman should memorize. Notice especially Appendix C which 
contains the symbols for many parts which we have not yet discussed. 
Notice also that each part In Appendix C has a letter (or letters) 
which Is used to Identify that part by Its type. These letters 
are used on schematic diagrams and on parts lists, so you should 

learn to recognize them. 




This comp I +h i f? booklet. We have studied the ba s I c 







<5 



electronic part sJW ynEnUand their symbols 
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Appendix A 



Prefix names for multiples of 1 .000 used In unit value names.. 



10" 12 


a 


.000,000,000,001 


p I CO 


P 


* 9 

10 


*w 


.000,000,001 


nano 


n 


HO 

V 

o 


s 


.000,001 


micro 




I0" 3 


s 


.001 


ml 1 1 I 


m 


o 

o 


s 


1 . 






I0 3 


a 


1 ,000. 


kilo 


K 


I0 6 


me 


1 ,000,000. 


mega 


M 



Examp I es? 

I ,000 ohms 

.000,001 farad 
I ,000 K ohms 



|0 3 ohms 

10“^ farad 
103 K ohms 



I K ohms 

I /•< farad 
I Meg ohms 



Rotation remark? 

10°, I0 3 , I0 6 , I0“ 3 , etc. The number on top tells how many 
places to move the decimal point to the right ( + ) or left (**) 
from 1.0. 
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Appendix B 

I 

COLOR CODES Resistors and Capacitors 

Color 1st, 2nd Decimal Tolerance* 1 Voltage 

Figure Multiplier percent rating 






Black 0 
Brown I 
Red 2 
Orange 3 
Ye I low 4 

Green 3 
Blue 0 
Violet 7 
Gray 8 
White 9 



Gold 
SI I ver 
None 



I 

10 

100 

1,000 

10,000 

100,000 

1 , 000,000 

10 , 000,000 

0 . 01 * 

0 . 1 * 



0. I 
0.01 



i 


20 


mm mm mm 


4* 

mm 


1 


• 100 


k 


2 


200 


Hh 


3 


300 




GMV 


400 


+ 

mm 




300 


± 


a 


aoo 


+ 


12*3 


700 


+ 

m 


30 


800 


+ 


10 § 


900 


+ 

mm 


5 


1000 


+ 

mm 


10 


2000 


t 


20 


500 



NOTE: *There are times when the metallic pigments, gold and 

si I ver are not used. In such cases, gray ond white are 
used for Indicating the decimal multipliers less than 
one . 

#For the same reasons the tolerances for 5 and 10 percent 
are also assigned colors. Most commonly gold and silver 

are used. 

GMV stands for guaranteed Minimum value, and has the 
tolerance of -0 to +100$ 
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Letters used In calling out parts 
B motor or generator 

BT battery 

* 

C capacitor 

CR crystal rectifier (crystal diode) 

DL de I ay I l ne 

E terminal board 

F fuse 

FL filter 




(Indicator) light 

Jack (convenience outlet) 

Re I ay 

Inductor (coll or choke) 

meter 

Plug 

trans l stor 
res l stor 
switch 
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W JM..IW-H. I 






mm 




*f transformer 





Test point 
(Vacuum) tube 
varistor 
socket prefix 

— Example; XV tube socket 
, - — . — XF fuse holder 



% 




crysta I 
network 



f 




Form of symbols may vary, depending on 



the actua i pa rt • 



h 

f 



1 



0 



Page 

2-3 
2~h 
2-5 a 

2-5 b 
2-5 c 

2-5 d 
2-6 a 

2-6 b 

2-6 o 
2-6 d 
2-7 

2-8 a 

2-8 b 

2-9 a 

2-9 b 

2-9 c 

2-9 d 

2-9 © 

2-9 £ 

2-9 g 

2-9 h 



ANSWERS TO BOOK I! PROBLEMS 



Answer 

Battery 

Transistor 




•vVnA 

«mm 1 I 

1 Res 1 stor 

|l|l 





V\AA 

-4L* 

Volt 
Vo f tage 
Current 
Amperes 

Amps or Amperes 

Amps 

Amps 

o] m Battery 
° Transistor 
Resistor 
* * Capacitor 



Page 


Answer 


2-10 a 


Transistor 


2-10 b 


.tJ||li.B a + tery 


2-10 c 


" vVVW * Res 1 stor 
% 


2-10 d 


Capacitor 


2-12 a 


u 

n 



2-13 a 
2— X3 d 

2-15 

2-16 

2-18 



2-19 
2-20 a 
2-20 b 
2-21 



2-23 a 
b 
c 
d 



b Go! I ,° I ron, ^Transformer 

Jc- )* I ron, . . 
Transistor 
Tube 



e 



a 



Clockwise 




P I ate 
Cathode 

They are pin numbers 
They te I I what tube 
pins the heater Is 
attached to. 

P I ate 

Control Grid 

Cathode 

Heater 



e 

f 

£ 



T rans I stor 
Res 1 stor 
Transformer 



h Batteries 
i Capacitor 
j Col I 
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ANSWER TO BOOK II PROBLEMS 



Page 



Answers 




2*28 a 
2-28 b 
2-28 c 

2—29 

2-32 

2-33 a 

2-33 b 
2-33 o 
2-33 d 



2-33 e 



if 



2-33 
2-3 1 * 
2-35 a 
2-35 b 
2-36 



if nodes 

VI has *f nodes 
V2 has 7 nodes 



Page Answers 

2-39 5 nodes 

2-tfi yVv^hVNAA-' 

2-42 a Wire or Conductors 
2-42 b Insulator 

2-43 a Conductor , 

2-1*3 b Insulator 



2 - 



M Ohmmeter 



2-4b a 
2-46 b 
2-46 c 
2-46 d 
2-46 e 
2-46 f 



Resistor 

Capacitor 

Air 

Batteries 
Transistor 
Vacuum Tube 



2-M3 2.7 Meg or 2,700,000 




2-50^1 

2-50‘ - 

2 - 50#2 

2-50 

2-50#3 

2-50 



-If s 396 ohms 
if = HO 1 )' ohms 
300 - l5 = 28? ohms 
300 15 = 315 ohms 

810 ohms 
99O ohms 



2-51 a Good 

2-51 b *K)0 

2-51 c Ohms 

R34, R33, T3, 08, L26, ZL 
R3, LI, 03, 02, R»f, R6, 01, R7 

R7, 

R5, 03, R6, Cl 

R5. HI. (R3 if you assumed that B was grounded and 

cii’bloeks electrical path to ground.) 




Diagram contains 
4 nodes 



1 
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ANSWER HQ BOOK II PROBLEMS 



Page 

2-52 

2-56 

2-59 
2—60 a 

h 

e 

d 



Answer 



X, 240 K 

2. 12.000,000 ohms 

3. 3,50Q 4 

4. 1*2K 

5 # 1.8 Meg 




% 



Dual Diode (or Varistor) 




1 
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V 



mm 5555E 



5 msm 
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RESISTANCE READINGS: 


THEIR CALCULATION AND INTERPRETATION 
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BOOK III 

« 

RESISTANCE VALUES? THEIR CALCUUTION AND INTERPRETATION 

One of the big problems with all kinds of electrical equipment is that 
it won*t work perfectly forever# Its parts wear out or go bad for some reason, 
and then the bad parts must be found and replaced, That*s what troubleshooting 
is all about— to quickly find the bad parts and replace them. 

When a tubs goes bad, usually it isn*t much of a job to find the bad tube 
and replace it. You can often find the bad tube by the way your TV picture 
looks. Sometimes this type of troubleshooting is referred to as ^system 1 ' 
troubleshooting. But, what happens when a resistor, capacitor, etc#, attached 
to a tube, goes bad? This type of trouble usually is harder to locate and to 
fix. This type of troubleshooting is sometimes called chassis troubleshooting, 
or piece-part troubleshooting. That*s what we are going to talk about now ..... 
chassis or piece-part troubleshooting. More specifically, this book describes 
how to figure out the correct resistance value of Individual parts and of 
combinations of parts. You will then be told how to use this information to 
locate faulty piece-parts. 

Resistance Readings ? 

As you wore told in Book II, all parts have resistance. Each part is made 
so that it has a particular amount of resistance, and, when the part goes bad, 
its resistance usually changes. Thus, we can use resistance measurements to 
help determine whether or not a single part, or a group of parts, contains a 



malfunction. 
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L©t*s review resistance values* Xou remember that a resistor contains 
up to four color bands* The first three bands describe the resistance value 
of the resistor* The fourth band is the Holerance 11 band, and it describes the 
tolerance qy error limits of the resistor* 



color 4““ 

Resistor Color Coding System 



♦ 20 % m no color band 

♦ left s Silver band 

♦ 5$ s Gold band 



3 6 0.0QQ„ 






First ring-number 
Second ring-number 
Third ring-number of 




i JtlTft 



zeros 



color 3 
color 6 



~ •‘tolerance” ring 



Internretation of ^Tolerance 11 band 




T 






Color 

Color 




^tolerance* 1 ring w GoW H 



Color 4 



What is the ©hra value of the above resistor? 



What is the tolerance value of the above resistor? 



For the above resistor » which reading is correct? 

3100 ohms . ir 

3500 ohms 

3900 ohms „ 



answer 




answer 









A good resistor ( r T * ) will show its correct ohms valve within the 



tolerance band, when tested with an ohmeter. A resistor that does not measure 
within its tolerance band is no good* 



measurements is not so easy, because their main function is not just to offer 
resistance* 

Resistance of Capacitors ? 

A capacitor, as its symbol crudely Indicates, has no direct path between 
its terminals* 



This is the hint for you; a good capacitor has a very high resistance. 

If the capacitor has a low resistance, something is wrong with the insulation 
and the capacitor is no good* 



Telling if other 





0 



Low resistance 



r 



Insulation broken down 



Capacitor no good 




If a capacitor has high resistance, it is probably good 



3*5 




OR, one rf the leads has broken open 



High resistance 

Good capacitor (Probably) 



I *4 — Break 

ii 

High resistance 

I but capacitor is still no good 



This 11 open” capacitor is no good because 




the nodes must be connected to 



Open capacitors are rare and hard to detect. You can obtain the capacitance 
values by checking the part with a capacitor checker, but for the present we 
will only check for high resistance and therefore call high-resistance 
capaoitors ^good,** 




mmmm. 



mm 




Which capacitor is good, and which is bad? (Draw the symbol) • 



0 • 

.. t- 



t f 

I 

i 



<5T Q # 



A 



Hiyh $**»<* 



r 



• • • 

e • # 



r£ow R '*&*<*• J 



Resistance of Coils ; 

The clue to coil checking is again in the symbol# Coils are referred to 
by the symbol M L M and just as Capacitors are abbreviated as «C# H 



* V** / 

» I I 1— «' — ( } 




A good coll has a low resistance# It has some resistance because even though 

the wire is a conductor, it is relatively long (it could reaoh across the 

0 

street) and the wire does have a very small amount of resistance# A coil may 

* 

give a reading of one to 10 ohms - as a general guide. If a coil has a high 
resistance between its terminals, there is an opening somewhere in the long wire 
of the coil, then the coil is no good# 



A good coil has a 




resistance# 
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The "companion" case to the open coil ~T f is the shorted coil 

A shorted coil has a lower resistance than a good coil 

If only a few turns are shorted-/ Lthey are hard to detect and may 

or may not make a difference* 



Now for some questions? mark the following parts "good" or "bad"? (the 
symbol is the same in either case). 



Cl — I 

Li _rrrr' ] _ 

C2 — j 

1Z J ^ Y ^ ~L 



High resistance 
High resistance 
Low resistance 
Low resistance 



Resistance of Winding s; 

Transformers, which are two coils placed close together, can be tested 




separately as two coils and ‘both have to be checked. 



0 



Some other parts, such as relays 




i 



and motors, — w 

ct 

4 - 

also contain colls and coll resistance tests can be used on them also* 

Resistance of Tubes and Transistora t 

The things we look for in good tubes 



are not so easily checked by resistance readings* Therefore, these parts are 
taken out of the sockets which hold them and checked on a tube or transistor 






tester* 



We should, however, see by the tube symbol (internal parts not 



touching) 



r 



M 




thift a high resistance should exist- between every lead and every other lead 
(every pin and every other pin) except between two pins * Which two pinst 




4 5 

y» 

Obviously, because pins 

* 

filaments of the tube* 




4 and 5 are connected together to form the 



The resistance of transistors is a tricky thing* Let f s postpone that* 








mm 






* 



L'> 
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RESISTANCE OF RESISTOR COMBINATIONS} CAICUIATION PROCEDURES 

Typically, there are two or more parts attached to a tube pin or to a 
single terminal post# This means that when you obtain a resistance reading, 
that reading usually is the result of two or more parts# 

In Book II, you learned to identify the parts between two electrical 
nodes or between a tube pin and ground# For example, in the diagram below, 




1# 

2 # 

3 . 

5 . 

6 # 






In this section, you will learn how to calculate the resistance value of 
resistor combinations# 



3 




msesm 
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Rgaistors in Series ; 

When two or more resistors are connected, one after the other, they are 
said to be connected in Series. 

\ 0— ", 

p— v^VX * v "— \ /\ \ ^ v 





Resistors connected in Series 



Furthermore, it doesn't matter how resistors are physloally connected, so 
long as they are electrically connected one after the other. Moreover, when 
resistors are connected in series, the total resistance (R3) is the sum or 




R3 



S Rl 



R2 



R3= RH-R2 



Total s R6 here 

R| R2 R3 
o — vAA /N -^AAA*\AAA— t 

t > R6= RI+R2+R3+R4+R5 

b-6 >R4 

i___R5 y 

Where resistors are electrically connected one after the other, they are 



(word) 



connected in 






Now, for a f m problems 




The value of is 



The value of% g is 



750 2,5K 20K I MEG 

f.jow f * 7 atch out for this one# The value of a 500 , 1000-0, , and a 10K 



Because a resistor has a tolerance value f doesn*t it? A resistor with a 
20 per cent tolerance may be above or below its stated value by as much as 
20 per cent# Thus, in the above example, if the resistors have a 10 per cent 
tolerance and were all off on the ••low* 1 side of their stated value, it would 
be quite possible to obtain a reading of 9,000 ohms and be within tolerance. 

To make matters worse, unless otherwise stated, resistors usually nave a 
20 per cent tolerance. This means tha' a 10K resistor could be high or low 
by as much as 2000 ohms. In practice, this means that a resistance reading 
should be quite far off from its calculated value before you would think 
something was wrong with it. 

Also, the tolerance of resistors means that when a large and small resistor 
is in a series, the value of the combination is equal to the value of the 
larger resistor alone. This is especially true when* 

a. All resistors have a 20$ tolerance, and the larger resistor is about 
8 times bigger than the smaller. 

b. All resistors have a 10$ tolerance, and the larger resistor is about 
10 times bigger than the smaller. 



resistor is 15K_? or 9 K 7 The correct answer is 9K. Why is that? 









mm 



wmmm 









So for the following problems, select the correct resistance reading. 

More than one answer canjbe correct , 

a. All resistors have a 10$ tolerance; 

There are four resistors in series with values of 
1000 ohms, 1Q.2K, 

5000 ohms & 20K 

Combined resistance value could measure* 42 .2K , — » 

33.0K 

30.5K 







b. All resistors have a 20$ tolerance; 

There are five resistors in series with values of 
4500 ohms, 25.9 K, 2.5 meg, 

8700 ohms, & 5&.3K 

Combined resistances could measures 2.9 megs , — — . 

3.5 megs JJ: 

1.8 megs - 

c. All resistors have a 5$ tolerance; 

There are three resistors in series with values of 
750 ohms, 1000 ohms, 500 ohms 

Combined resistances could measure* 2075 ohms „ , „ r) , jW . r ^. w . 

2300 ohms , 

2350 ohms 

Remember * Resistance measurements will almost always be different from their 
calculated value. The amount that they can be off and still be considered 
•’correct 11 depends on the tolerance limits of the resistors. Generally, these 
tolerance limits will be 20$, but they may be 10$ or even 5$. On very rare 
occasions they may be as little as 1$ or 2$. In such instances, you are 



dealing with ^precision 11 resistors. 






Resistors in Parallel.? 



Many times resistors will be connected together like this 





Resistors connected lilcethis are connected in “parallel 11 (also called “shunt 11 , 
or R1 “across “ R 2), All parts are connected either in series or in parallel 
(or in series-parallel combinations)* There is no other way in which they can 
be connected* In other words, if a circuit contains two resistors (R! and R2) 
vhich are not connected in series, then they must be connected in , ,, • 

Now, let* s examine a parallel circuit closely* In the below diagram, the 
electrical current is shown as flowing toward Rl* Some of the current will flow 
through Rl only, and some of it will flow through R2 only. (In a series circuit 
all the current must flow through first one part and then another). 



In a parallel circuit, the total resistance of the parts in parallel 
will be less than the resistance of the smallest part* So, if a 100 and a 




200 ohm resistor are 
less than 100 ohms* 



in parallel, the resistance of this combination must be 
Now, let 1 s discuss some specific examples* 






* > 

i ( 

U 



! 




Equal-Value Eesistorg in Parallel s 

Let* s first talk about a parallel circuit 'where Rl and M have the same 
resistance value* 



r 

R3 



^v: 



R 




In this circuit half the electricity flows through Rl and the other half flows 
through R2, The total or combined resistance of Rl and R2 is equal to one half 
of the resistance of either Rl or R2 by itself. That is, if a 100../* resist or 
is in a circuit by itself 

100 si 



and to it is added another 10 0J1 resistor in parallel 

R 3 =50 Sl ^ ,0 0 5~2. ^ fooil 



the resistance of the two (Rl and R2) is half that of either Rl or R2, In the 
example above, the combined resistance of Rl and R2 is 50 ohms. 



What do you suppose the combined resistance would be of three equal 
resistors connected in parallel? 



r 



Ra ==iooa 






R l 

30051 



R- 



30051 



R 3 

30052 



That f s right, the electricity has three paths to take, and the total resistance 
would be one-third (1/3) of any one of them. If the resistors in the above 
diagram each had a value of 300 Jl., their combined resistance would be 100 Jl«, 
When resistors in parallel have the same values, it is easy to figure their 
combined resistance value. Divide the value of an individual resistor by the 
total number of resistors in parallel. 



mrnmm 



sataasam 










In the following example, two 500 ohm resistors are connected in parallel. 



Their combined resistance (R3) equals 500 * f or ohms. 




In the next diagram below, what is the value of R5, the combined 
resistance, of the resistor Network? The value of R5 is . . , 
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Now, let’s try something slightly different. Suppose you have five 
1000 ohms resistors in parallel. Assuming that they are 2Cfi tolerance resistors, 
the combined resistance of these five resistors could be 250 ohms f» 

240 ohms , or 150 ohms t (Check one) 

OK, try one more. This time we have a parallel network of 1<$ tolerance 

resistors, each with a value of 600 ohms. There are three resistors in all. 

The combined resistance might be 300 ohms » 185 ohms ,» or 165 ohms _ 

(Select one) 

One last problem, and we’ll go on. Suppose you had two 1000 ohm resistors 
in parallel, with one resistor having a 20 ft tolerance, and the second having a 
1 <$ tolerance. What might their combined value be? Well, this is a trick 
question because you do not expect to find resistors of unlike tolerances 
combined in the same network. It may happen on rare occasions, but generally 

all resistors in the same network will have the same tolerance. 



Unequal-valued Resistors in Parallel ? 

For most combinations of resistors, you will find that the value of the 
resistors are unequal. This makes it more difficult to figure out the total 
resistance of the combination. However, It still isn’t too difficult, once 
you know what you are trying to do and know a few tricks of the trade. 



‘R| >R2 

• 200 . 0 . > 50051 



,R| 



,r 2 



R3 



500ft>l000fl> I Meg!* * SI 



Typical resistor circuits containing unequal-valued resistors 



*1 Meg s one million 
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Let is begin by finding out how to rapidly estimate the largest and 
smallest values which a resistor combination might have. This puts your 
answer In the right ball park. The rule to follow Is quite simple and goes 

like this ###•#« 



For resistors in parallel, the combined value of the 
resistors can be no larger than the value of the 
smallest resistor, and, the combined value can be 
no smaller than the value of the smallest resistor 
divided by the total number of resistors in the circuit. 



How, let's see how to apply this rule. In the below circuit R4 can be 
no larger than 150, which is the value of Rl, the smallest resistor In the 

circuit. 




Also, In the above diagram can be no smaller than 50 ohms, which Is 
the value of Rl divided by 3. When you figure out your answer for 1ft, you 
know that it must be some value between 50 and 150 ohms. Now try another 

example. In the diagram below, R5 can be no larger than ohms. 

R5 can be no smaller than ohms< 



° £1 Jr2 >R 3 >R4 

R 5 . > 200 ft <17552 <IK5l <l.2Megi2 



O 
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In the diagram below, R 5 can be no larger than 




As you mi$it expect, the actual resistance of parallel resistor 
combinations usually falls someplace between the ball-park estimates of their 
maximum and minimum resistances# For example, in the diagram above, the 
minimum resistance estimate is 800 (R2) divided by 4 or 200 ohms# Actually, 
the value of R5 i® about 400A • 
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Now, let* s learn how to calculate the approximate resistance of a resistor 
combination. First we will show you how to calculate, by formula, the value 
of the network. Then we will teach you how to estimate the value of the 



For those of you who know algebra, or like to multiply and divide big 
numbers, or know how to use a slide rule, the following way of calculating 
resistance readings should be easy. For the rest of you, don't worry; we'll 
show you another way to do the same thing. 

AB 

The formula for calculating resistances in parallel is ^ ^ g 
Applying this formula to resistance values, the formula becomes R| K R>2 



network. 




O 



O 



^ 




Applying the formula to the above diagram, 



150 4 300 450 

, Now you try it. In the diagram below 



_ 150 X 300 _ . 45,000 — - (00 0HMS 



The value of R3 is 




t 



Now, let’s learn how to estimate the value of resistor combinations. You 
remember that when two equal resistors are in parallel, the value of wheir 
combination is one half the value of eithe r resistor by itself, 

? 1 



R3 



’Rl <RZ R3 = 750 OHMS 
ISO 0 <1500 



’R2 






When two unequal resistors* are in parallel, their combined value can be 



no smaller than one-half the value of the smaller resistor. Actually, the 
combined value is always somewhat larger than this. The problem is to find 

out how much larger it should be. So when two resistors are in parallel 

their combined value is one half the value of the smaller J&us some additional 

i 

value. By using the following chart, you can determine the additional value 
which should be added to one-half the value of the smaller resistor. 

This chart will allow you to calculate resistance values for resistors having 
tolerances of 5$ and up. (Actually, the Calculation Chart shows four slightly 



different ways of calculating resistor combinations). 










msmm 




Calculation Chart for Determining the Value of Two Resistors in Parallel 
Relation of R2 to R1 Alternate Procedures for Calculating HI and R2 



R 2 equals R1 .«.»» 

R2 equals 2 R1 • •••• 

R2 equals 3 HI • • • • • 

R2 equals 4 R1 • •••• 

R2 equals 5 HI ..... 

R2 equals 6 R1 ••«#« 

R2 equals 7 El • •••. 

R2 equals 8 R1 ••••« 

R2 equals 9 HI • •••< 

c 

R2 equals 10 R1 ..... 



a* one-half Rl 
h _ « 



a. one-half Rl plus 15$ of Rl, or 

b. Rl minus 35% of Rl, or 

c. 2/3 of Rl, or Rl minus 1/3 of Rl 

a* one-half Rl plus Z5 17 of Rl, or 

b, Rl minus 253 of Rl, or 

c. 3/4- of Rl, or, El minus 1/4 of Rl 

a* one-half Rl plus 30$ of Rl, or 

b. Rl minus 20$ of Rl, or 

c. 4/5 of Rl, or Rl minus 1/5 of Rl 

a* one-half Rl plus 35% of Rl, or 
b. Rl minus 15.3 of Rl, or 
c * 5/6 of Rl, or Rl minus 1/6 of Rl 

a. one-half Rl plus 35% of Rl, or 

b. Rl minus 15/3 of Rl, or 

c. 6/7 of Rl, or Rl minus 1/7 of Rl 

a* one-half Rl plus 40$ of Rl, or 

b, Rl minus 10$ of Rl, or 

c. 7/8 of Rl, or Rl minus 1/3 of Rl 

a. one-half Rl plus 40$ of Rl, or 

b. Rl minus 10$ of Rl, or 

c. 8/9 of Rl, or Rl minus 1/9 of Rl 

a* one-half Rl plus 40$ of Rl, or 

b. Rl minus 10 of Rl, or 

c. 9/10 of Rl, or Rl minus 1/10 of Rl 

a* one-half Rl plus 40$ of Rl, or 

b. Rl minus 10$ of Rl, or 

o* 10/11 of Rl, or Rl minus l/ll of Rl 



Notes i 
1 . 



Any of the above calculation procedures can be used with 10$ and 20$ 
tolerance resistors* For 5$ tolerance resistors, use procedure c* 



2* When dealing with 5$ tolerance resistors, the above chart should be 
expanded as follows s 



R2 S 3 ll to 14 Rl *•••• Rl minus 10$ of Rl, or 14/15 Rl 

R2 s 15 to 30 Rl Rl minus 5$ of Rl, or 19/20 Rl 

R2 = 3 Of Rl ..... Rl only 



# 
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n„„. for some examples; In the following diagram, 
f o— — — ' 1 j 

R2 

8C0il 

R1 divides into°R2 a total of 6 pluTtU. The actual number of times is 

closer to 7 than to 6, so round off to 7. According to the resistance 
Calculation Chart, the combined value of R1 and R2 equals one-half R1 plus 
41 # 0 f hi. One-half R1 equals 60 ohms, and 40$ of R1 equals 48 ohms. Thus, 
the combined value of R1 and R2 equals 108 ohms. OK. now try the following 

problems j 
Problem A s 

The combined value of a 500 ohms and a 800 ohms resistor in parallel 



equals 



g^blem^Bi 

A 1.5K resistor and a 8.7K resistor are in parallel. Their combined 
resistance is — * 



Problem C t 

X 3.5K and a 1 Meg resistor are in parallel. Their combined resistance 
is * 



Problem P t 

X 200,000 ohms resistor and a 1.2 Beg resistor are in parallel. Their 
combined resistance is * 
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Resistor networks in parallel often contain three or wore resistors. 

When all of these resistors are of equal value, it is easy to figure out their 
combined resistance, it is the value of any single resistor divided by : 
(select the correct answers)* 

a. The total number of resistors in the circuit — • 

b* The resistance value of any second resistor in the circuit , — * 

c* The number of resistors in the circuit plus one „„ »—• 
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When three or wore unequal-valued resistors are in parallel, the value of 
the total combination must be worked out by dealing with two resistors at a time. 
It doesn't matter which pairs of resistors you begin working with, so pick pairs 
in which the smaller resistor can be easily divided into the larger resistor. 
Also, when possible, work wit* small resistances first. Thus, in the following 



Step 1: Calculate the value of R1 plus BZ. It is equ.x vc ow y^ of Bl. 



Step 2 s Calculate the value of B3 plus R<K It is equal to 225 plus 15$ ef 11 3 • 



Step 3s Calculate the combined value of Bl and 2 and R3 and 4 (75 & 290 ohms). 
This value equals 38 ohms plus 30$ of Bl (which is about 22 ohms). 

The total value of the combination is about 60 ohms. (Notice that 
in these calculations it is permissible to round off to the nearest 



Now, you try it on the following problem. Remember that you oan ignore any 
resistor which is more than ten times the value of any other resistor which it 



example, you might proceed as follO“» ! 





Thus, R1 and 2 equals 75 ohms. 



Thus, R3 and 4 equals approximately 290 ohms 



even number). 



can bo paired with. 

0 




R3 <P»4 <R5 

(500 <3200 <4000 



O 



Combining Large & Small Resistors ; 

VJhen the value of R Z is ten times or more than Rl> then the bigger resistor 
doesn*t have much of an influence on the total resistance of the parallel 
combination# This is shown in the three diagrams below and also on the 



For practical purposes, then, you can ignore the presence of very large 
resistors because it can only effect the Combined value by 1($ or less, and 
the values of most resistors can vary hy at least this amount. So the 

rule is that in parallel circuits, ignore all resistors which are ten timesjpr 
more larger than the smallest resis tor in the circuit# 

When you ignore any large resistors, and combine resistors of approximately 
equal value into pairs, you reduce the size of your resistance calculation 
problem. The only values you have left are those resistances which are less 
than ten times the value of the smaller resistor but are not equal to the 
smaller. And you know how to handle them — — just take them two at a time and 
use the Calculation Chart to work out their value. Let* a try another example, 
and this time let*s use procedure 5, c ,! on your Resistance Calculation Chart •••« 



To begin, R5 (^*000*f1u) is more than ten times R1 (100 -Ti) so you can 
ignore R5. Next, pick an easy pair to work with. 150 and 300 look easy 




R3 **92 OHMS 



R3*f20 OHMS 



R3 =90 OHMS 




R5 

4000 



because 300 Is twice 150. look up in the Calculation Chart where it says 
WR2 equals 2 HI". Across from that and under »e» procedure, it says that 
M * H2 equals 2/3 of HI. Xn the example, HI is 150 ohms and 2/3 of it is 
100 ohms. Rightt How you can combine that 100 ohm value with Rl, which is 
100 Ohms, also. The result is $0 ohms. The only resistor you haven t worked 
with yet is R4, which is 700 ohms. This is more than 10 times the value of 
50 ohms, so ignore H4. So in this problem, the value of R6 is 50 ohms. 



Hew, try this. problem! 




R5 

I, SKA 



Begin by ignorin^5 beoause it is 15 times bigger than Rl. Now, how about 
working with R2 and R4 next. 600 1s _____ times 300. According to the 
Calculation Chart, the combined value of 300 and 600 equals one-half 300 

plus per cent of 300. This equals ohms. How, combine this 

value with Rl. According to the Calculation Chart, the result should equal 
"Rl minus 1/3" which is about 6? ohms. Now, what about R3T It's about 7 times 

larger than 67 ohms, .so this reduced the 67 ohms by ohms. Round off your 

0 



result to the nearest M 5 M you should get 60 ohms, 



maua 



<asaas2B*E3&ssees, 



WULUM'lia 






iiipjniiiii ...i.MMiir*" 












Now, work this problem eompletely by yourself. Assume thet ell resistors 




H6 equals 



k # 
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Strlts-Pmllel Eesis ^r CnmhlwaiiflnB 



In most TV circuits, ©specially thosa connected to t" v “ ~ 4v, “ 1,411 

find resistors s®i*i.©s«»iuarallel c owbl wtlons i 





It isn't too h&a to 7igS?e outthTVesiBtsnoe value of these combinations. 



You work with two resistors «t * time until you have converted the whole 
resistor network Into a simple series or a simple parallel oirouit. For 
example, In the diagram below, you can see that HI Is In series with the 
parallel combination of R2 and R3. Therefore, the first thing to do Is to 
combine R2 and R3. This converts the circuit into a simple series oirouit. 
Then add up the resistances to give R4. 



Note carefully that In Step 1 we could not have combined R1 and R3, nor could 
we combine R1 and R2. Ibis would have left the other resistor in parallel 
floating around without anything to combine it with. 



I 




R3 Step 1. Combine R2 * R3 

2K 



R4 



r 



V - 




Step 2. Add R1 & R2* 3 



R4«*870 -n- 



,eric 



mam b 



^ Bea / aBjSasgBaSSBasgB& 
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I 

i 



O 

ERIC 



You can make a series addition only when nothing else is attached to the 



center node. Thus, in the diagram below, R1 and R2 cannot^e, djre_ctly 



combined because R3 is in parallel with R2, 

Rl 




A iW- « vA/V o^B 

In this next diagram you can combine El and R2 directly by adding them 
together. In other words, the resistance between points A and B « El plus R2. 
Can you see why? It*s because R3 and E2 are parts of different circuits. ... 
Electricity can flow through E2 to get to point B, but it cannot flow through 
R3 to get to point B. 




6 



Now, look at the diagram below. Bo you recognize the ground symbols? 
What do they tell you? They tell you that R3 and R Z are both connected to 
ground, or to the same electrical node. Thus E2 and R3 are in parallel. 
The resistance of the resistors between points A and B equals 



■vAAA 

ri 










Step It the parallel resistance of R2 + B3 
Step Zt the series resistance of El plus the value obtained in step 1, 



Remember then, when two parts are connected to the same node, and the other 
side of these parts is connected to ground, then the two parts are in parallel. 



mm 



m 



mssaaMsai 
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Now, for some problems. In the two examples below, determine the value 
of Ra„ which is the resistance between points A and B. 



Problem A 




Problem B 
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Now, let f s look at a slightly different arrangement of resistors* In 
the followin g circu it, yon can see that R3 i» in parallel with Rl ♦ R2« 

A T" ' ~" 1 



B 



Rl 
\50£l 

R2 

isoa 



R3 

2,4K 



In this type of arrangement, you first have to combine the two resistors which 
are in series* Then in step 2, you will calculate the resistance of this 
combination in parallel with R3* 



Step 1 
Step 2 



Rl plus R2 as 



Rpg (fill in calculation) 



R3 and Rl plus R2 R* B (fill in calculation) 

So.**. when calculating the resistance of a series-parallel combination, 
first calculate the value of the sub-sections* Keep doing this until you 
have converted the circuit into a simple series or parallel circuit. OK, now 
look at the following example carefully. After you have studied it a while, 



try the next problem* 



Example t 



Rl 

0 ,,w > 

A 







|\A/ v/V— 

R3 



For the circuit on the 
right, the problem is to 
find the value or R^q 



nR4 

v 



B 

O 



<T~^ 

SR5 <>R6 



S 



0 — - V A V \A- 

Step Is R 2 and R 3 s Rz 4* 3 A Rl 

Step 2: .1% and ?.£ t Rtj and 6 

The problem has now 
been reduced to the circuit 
on the right. 



—sA'NA 

R213 



R4 



R5 A 6 



S 

< R7 



s 



B 

o 



3-33 



Step 3 s Eg + 3 + B7 = R2+3+7 

Step tyj Jty * H^,5 S3 H/^^5 

The problem has now been 
reduced to the circuit 
on the right 




R 2 - 

3r7 



Step 5 ? I 4 f 5 f 6 * R a*->f 7 53 %f 3 * 4 + 5 + 6 f 7 

* 

The problem has now been 
reduced to the circuit 
on the right 




\AAA 



R2+3+4+-5 f 



RAB 



Step 6t R x g= Rx + R 2 f 3 * 4 + 5 + 6+7 



! 

I 

] 




I 

y 



Now you try it ; 

What is the resistance between A & B? 






Answer ohms 



L 




II 

wL 



ERLC 



VI’LT.mlTl.J 



mum 



mmm 



ttSssmBsaBsmass*i 
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Hidden Resistors ? 

There are a number of instances 'where the resistance of a part will have 
no practical effect on the total resistance of the circuit* When this occurs, 
we say that this part is "hidden" . We have talked already about one such 
instance M #» when a resistor is in parallel with a second resistor which is 



In both of the circuits above, RE is 10 times or more larger than Rl. Thus, 
the resistance of the Rl and R2 combination is less than 10 per cent smaller 
than the value of Rl itself. Usually, resistors have a tolerance of at least 
10 per cent. So .... the value of R3 in the diagrams above is within the 
tolerance range of the value of Rl alone. Now look below, Rl has a tolerance 
of 10 per cent. The smallest value which Rl can have and still be considered 

within tolerance is 




o 



B 2 is "Hidden 11 



Bo is "Hidden" 




OK. How work out the value of R3. It is . and this value is within 

outside of the tolerance limits for Rl. (Check one). 



Thus, we can call R2 a '•hidden" 
(Check one). 



"non-hldden" 



resistor. 
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Resistors connected in series can be ^hidden** also# As an example, in 
the following example, what is the resistance of % B ohms * 



A 






vVA- — 

l«X Mej.it 



„ ? I''* •■>< ! " 

«f#4 



R 



h A 



It adds up to be 1,205,600 ohms tMch is for practical purposes 1#2 megohms. 
This means that the big resistor is ^hiding** the smaller resistor, R2# This is 



because with 10 per cent tolerance for the 1#2 Meg resistor, its value alone 
could bo as high as 1,212,000 ohms# 



VJhat the above information means is that when combining resistance values, 
the following rules of thumb can be followed: 

1. For parallel circuits, the combined value of a small and very large resistor 
is approximately the value of the small resistor# 

2# For series circuits, the combined value of a small and very largo resistor 
is approximately the value of the large resistor# 

Finally, a good resistor will show its correct ohms value within its 
tolerance limits when tested with an ohmeter# A resistor that does not measure 
within its tolerance limits is no good, for most practical situations# 



Mow, by way of review, try the following problems# In these problems, 
assume that all resistors have a ZOf> tolerance. 




Problem X; 



The resistance between points A and B is x 

(calculate value; 

A o — ■■ -%AAA ■nA/ \A~ AAA 0 & 

750 3.2£Kil 2 Meg 

Problem 2 s 

The resistance between points A and B could be 45*4 K 7 ?2,6K ? 

59*5K T (Select correct answer) 

A o AA A V NAA AAAr 0 ® 

700 fl 4.2KSI tZKU 



Pr oblem 3 s 



The resistance between points A and B is _ 

A o — i f (calculate value) 



B o- 



Ri ^.Rz 



•sooSl 



2IOOSI 



Problem 4 ; 

The resistance between points A and B is 

A O 



(calculate value ) 



R i 

1.6 KS2L 



Rz 

5.9 K ft 



Rs 

IIKJfiL 



Problem 5 ? B 0- 




If Rl & R2 are in parallel, and HE is 6 times bigger than HI, then the 
combined value of HI and R2 1st (Select correct answer) 

a. one-half the value of Rl „ 

b. Rl value minus 15$ of the Rl value 

c. 5/6th of the value of Rl . . 
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Problem 6? 



The resistance between points A and B is 



(calculate value) 



Rl 




Re 

zoo SI 



I 




BBS 



mmm 



mesa 



a 



zataamssmseBai 
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Tube Pin Resistance Chains ; 

Most piece-parts of a TV are connected together in series-parallel 
combinations. One side or end of these combinations is usually connected to 
ground or to a power supply. The other end of the combination usually is 
connected to a tube pin. It is important to know hew to calculate and to 
interpret the DC resistance of these tube pin chains. Using this information, 
you can isolate TV or radio troubles down to a single part. Let's find out 

how this is done# 

Resistance to Direct Current _(DCl ? 

Let us begin by reviewing the resistance characteristics of three common 
parts? resistors, capacitors and coils# The resistance of these parts is based 

on the ease with which DC current passes through them# 

MM## Resistors ? their resistance value varies, depending on thoir 

stated value and tolerance of the resistor# 

••*••• Coils (and all kinds of windings) ? their resistance usually is 

very low (5 - 10 ohms)# 

••••*• Capacitors ? DC cannot pass through a capacitor# Therefore, a 
capacitor has an infinitely high resistance# (Actually, when a 
capacitor is checked, DC does charge it up by putting many more 
electrons on one side until the capaoitor becomes fully charged# For 
large capacitors, this may take a second or two*) 

When you measure the DC resistance at a tube pin, you are measuring the 
combined resistance of all the parts which are on the DC path between that tube 
pin and ground. Sometimes this DC path (or tube-pin chain) is very obvious. 

Many times it is not obvious, and you will have to study your schematic diagram 

to figure out what the path is# 
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Before taking tube -pin resistance readings, there are two things which you 
should double-check# First, make sure that one side of your ohmeter or 
multimeter is grounded to the chassis # Second, make sure that you have 
jrpounded^aJ^^i^thc^j^ (You will be told how to do this in class # ) 

If you will look at your Zenith TV schematic, you will see that some tube-pin 
chains are grounded and some are not# Those that are not usually go to the 
power supply# By grounding all the power supplies, you ground all these 
pin chains# 



DC Resistance Path Between Tube Fin and Ground ; 

When taking pin-readings, one of the biggest jobs is to figure out what 
parts you are measuring# In other words, you have to figure out the DC path 
between tube pin and ground# You need to study a schematic diagram to find 
this out. For example, in the following diagram? 

R4 

R| R2 * 

I.5MEGXL IOOK 
>rvW^- 




-H30V 

The pin chain for pin 6 contains only H3# Therefore, the 
resistance reading at pin 6 should be ohms# That f s 

right, 70 ohms# 

The pin chain for pin 2 contains R5 and LI in parallel# Therefore, 
the resistance reading at pin 2 should be „ ohms# Did you 

say 5-10 ohms, Finetl The resistance of LI is so small compared 
to R5 that R5 does not affect the pin reading. 



Notice that pins 2 and 3 are connected to a 130v power supply. You should 
have grounded this supply before taking the pin readings. This would ground the 
pin chains connected to pins 2 and 3* 

OK, now what about pin X? The DC resistance path goes through R2* It 
can*t go through capacitors, so it has to go through El and then to ground. 

So M m the resistance reading at El should be , 

For this next set of problems, you will need the schematic of the Zenith TV 
set that has been furnished for class troubleshooting practice. 

Sometimes it is easy to see what parts are in a pin resistance tfiain. 

For example, look at your Zenith schematic (Model !J1250Y6)*and find V3 (1st IF 

stage, upper left of the schematic). What parts are attached to pin 2? 

Eight, only a 68 ohm resistor. (Notice that on this schematic, many resistors 
are unlabsled. That is, only their value is given. This is because these are 
common composition resistors which require no special description in the 

parts lists), 

t4ow here* s a harder problem. What is the resistance path from V3, pin 5 

* 

to ground. Xs it like example A. B. or C? Answer I M , 




* 13N1? Chassis 
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BecnnstructloK DC Resista nce Circuits! 

In the previous example, you were shown three possible "reconstructions of 

the resistance path for V3, pin 5. It is useful for you to know how to 
reconstruct such circuits, so let * s try a few. 

On your Zenith schematic, let us reconstruct the DC resistance circuit for 
pin 1 of V3. Tracing backwards from pin 1, you come to a branching point with 
one path going to L1A and the other path through Rl. Let's go through LU first. 
After going through LU, the path is blocked by Cl and C2. So we go off to the 
right and through a 68 ohm resistor. Then we come to a branch which goes off 
to the left, but this ends at C3, so that's blocked, too, Rext we come to a 
point labeled E . Going off from this point to the left or to the right leads 
to a capacitor. So .... that's not a DC path. Going downward from point S , 
we go through a 680K resistor, then off to tho left and through a 220K resistor, 
then down through a 4,7 Keg resistor to a grounded 130V power supply. So far, 
we have a DC resistance pin chain which looks like this. V 3 



Now, let's take another look at it. This time we go left from pin 1, 
down through Rl, then over to the left and then down through the bottom half of 
LU, then over to the right and down through the 680K resistor again. In other 
words, the complete DC path from pin 1 to ground looks like this 



WV — 

4.7 Meg fL 




M2 




Mow you should be able to figure out what the resistance reading at pin 1 

» 6 #5 $©g J" 



should be# It could be 6 Heg 
correct answer)# 



°* 7 Meg | [ • (Select 



During much of your practical exercises on Chassis Navigation and on 
Chassis Troubleshooting, you will be trying to figure out what parts are 
attached to tube pins# So, try a couple more problems# 

A •••••••••#•# Draw below a diagram of the DC resistance path between 

pin 3 and ground for tube V10B (on your Zenith schematic). 



9 



I 



B 



For tube draw the DC resistance path between pin 7 
and ground# 



Often times there 1= a DC resistance path between two or mere tube pins. 
Sometimes you can use these paths to cheek the resistance of individual parts. 
For example, en your Zenith schematic, locate V3. pin 5. Notice that there is 
a DC path from this pin to pin 6 of the same tube. By measuring the resistance 
between these two points, you actually are checking the resistance of one of the 

windings of the transformer T2. 



Sometimes you may have to check the resistance between two tube pins 
because there is no other way to check the part. For example, on VIZ, R24 can 
be checked by measuring between pins 1 and 12. Fut you must bo careful not 
get shocked, as hero the voltage is 13.5KV when the set is on, danger, turn 

off the power first! 



Pin Resistance Charts; 



For west TV sets, the schematics for these sets will contain a tube 
resistance chart. Such charts tell you what the correct DC resistance reading 
should be at each pin. But, be careful when using such a chart. First, be sure 
and read the chart to find out how the readings were obtained. Sometimes the 
readings were obtained without the power supplies being grounded. This makes the 
readings very difficult to use. 

Unfortunately, the Zenith TV you are working with is so new that it doesn't 
contain a pin resistance chart. When you have to work with such sets, the best 
thing to do is figure out your own chart. This you can do by taking a TV which 
seems to be working OK. Disconnect it, ground the power supplies, then check and 
record the readings at each tube pin. If the set is quite new, these readings can 

serve as the ^correct 11 readings, in most cases, 

* 

^ Readings t 

When troubleshooting a TV, you first use symptom and other information to 
isolate the trouble to one or more stages. You check the tubes for these stages. 
Suppose the tubes are OK. That»s when you begin the chassis troubleshooting 
through the use of pin readings. It f s important to remember, though, that you 
must try to use symptom information and your understanding of the TV Technical 
Story to isolate the trouble to one or two stages. In this way, you do not have 
too many individual parts to check. 

Hidden vs. Non-hidden Parts t 

As you should realize by now, most piece-parts are connected in some way 
to a tube pin. However, not all of these parts will affect the resistance reading 
at the tube pin. Those parts that do -*ok' affect the reading we will call "non- 
hidden 11 parts. They are non*hidden because if they go bad in a typical way, the 
effect of this will be to ohange the resistance reading at the tube pin. 



There are certain parts, and certain arrangements of parts which lead to 
what we call "hidden" parts. These are parts which can go bad and still not 
affect the reading at the tube pin. An example which you are familiar with 
already is that of a very large resistor in parallel with a small resistor or 
with a coil. Later on, we will talk more about "hidden parts". In this section 




In the diagram above, the correct resistance readings at the tubes pins 
should be as follow s? 
pin 2 infinity 

pin 3 20K 

pin 5 670 ohms 

pin 6 5 ohms 

OK, now for some problems? 

A,,,,, the reading at pin 2 is 1 Keg, VJhat is probably wrong ? Cl is 
short? or C2 is short ? 

That*s right, C2 is probably short. Incidentally, capacitors 
typically go bad by shorting. This changes their resistance from 
infinity to about zero ohms. 



3M 



3..... Next problem# The reading at pin 5 I s 2K» What probably is wro n%1 

Rif is Shorte d ? or is open 7 

Right l Bh probably is open# Resistors typically go bad by ^ 
opening up# This changes their value from whatever it should be, 
to a value of “infinity 1 * - maximum resistance# 

C#####Suppose the reading at pin 3 is 23*5K* What is the trouble? 

T3 is ope n ? H2 is ope n ? Ho trouble ? 

Can't tel l _ ? 

This is a tough one# Possibly nothing is wrong because with 20?’ 
tolerance resistors, the correct reading could be 23* 5K* On the 
other hand, T3 could be open or R2 could be open, and this would 
not greatly affect the reading at pin 3» 

D#### .Suppose the reading at pin 6 is 3500 ohms# What is probably wrong? 

T3 is ope n ? T3 is shor t ? R2 is open. ? 

T3 is probably open* Transformer windings can either short out 
or open up* When they short, they may short out only a few turns 
of the winding* When this happens, you can't detect this with 
resistance readings* 

E One final problem# Suppose the resistance reading at pin 5 reads 

i 

infinity* What would be wrong? 

Not making a good connection with the multimeter probe „ ? 

Both R3 and R*f are ope n _? 

There is an open break in the line between pin 5 and ground — ? 

All of the abov e ? 

Right I Any of the above could cause a reading of infinity* However, 
you don't usually expect two or more parts to go bad at one time, so 
probably both R3 and R4 are OK* Breaks in the line can occur? or parts 
and wires can come unsoldered* That's the thing to look for first 
in this case. 



0 




Let's conclude this lesson by interpreting a few readings from the Zenith 
TV you are working with. Again, you will have to use your schematic diagram 

for these problems? 

A..,.,0n V3, pin 7* the correct reading should be 0 ohms. The obtained 
reading is infinity# What probably is wrong? 
a# broken multimete r — 
b. broken lead from pin 7 .... 



B###.#0n V3, pin 5# the correct reading should be 220 ohms# The obtained 
reading is 33K# What probably is wrong? 

a# C6 is shor t ? 

b, T2 winding is open ? 
e# 130V is not grounde d , — ? 



C,#...On V7A, the obtained reading at pin 4 was #7 megs# Is this the correct 
reading? yes no . IT no, what part is probably bad?. 



D# • • • #On V10A, the obtained reading at pin 9 was 149K. Is this the correct 
reading? yes no # IT no, what part is probably bad? 

* 



This completes this lesson# 



ANSWERS TO BOOK III PROBLEMS 



P»ge_ 

3- 3 


150,000 ohms 


Pago 

27 


2 times; 15$ i 195 ohms; 


3- 3 


*2 Of, 


27 


7 or 8 ohms 


3- 3 


3500 ohms 


28 


about 160 ohms 


'O 

1 

r\ 


low resistance 


31 


Pr.A ♦. 4.25K 


3- ? 


good 


31 


Fr.B •• 1550 ohms 


3- 7 


bad 


32 


Step 1 , , 300 ohms 


3- 7 


bad 


32 


Step 2 •• 260 ohms 


3- 7 


good 


33 


120 ohms 


3-10 


HI, R2, R3, R5t R6, LI 


34 


about 500 ohms; about 505 ohms 


3-11 


Series 


34 


•’within* 1 ; ••hidden” 


3-12 


2050 ohms; 1,023,250 ohms 


35 


1,205 megs 


3-13 


33.0K? 29 megs 5 2300 ohms 


36 


Pr.l *. 200 K or 2.004K 


3-14 


parallel 


36 


Pr,2 59.5K 


3-16 


250 ohms; 50 ohms 


36 


Pr,3 •• about 400 ohms 


3-1? 


240 ohms; 185 ohms 


36 


Pr,4 ,, about 1100 ohms 

0 


3-18 


175 ohms; 43 # 44, or 45 ohms 


36 


Pr,5 .. choice f, b*» 


3-19 


800 ohms • 


37 


pr,6 *• about 22K 


3-20 


90 ohms 


39 


70 ohms; about 5 ohms 


3-23 


about 325 ohms; about 1275 ohms 


40 


1.6 me&s; 68 ohm resistor; 


3-23 


about 2.65K; about 170,000 ohms 


40 


answer ’’c 1 ’ 


3-24 


choice ••a** 


42 


6 megs 


3-25 


about 165 ohms 








ANSWERS TO BOOK III PROBLEMS 



P*go 
42 
4 5 



** A V/OB > 1 

. -L. 

Pr B ~ 

■* " 

u 



Ho- 

Xi 



/Y\ 

L 3 



/r, 

L4 



L5 



■vV/ 



53012 



2,7 Kil 



45 

46 
46 



46 



46 
4? 

47 
47 
47 



Pr#A m* C2 is short 

Pr.B m, R4 is open 

Fr.C ... Can*t tell 

Fr.D ... T3 probably is open 

Fr*E #« , All of the above 

Pr.A ,,, choice ,f b fr broken lead from pin 7 

Pr.B ••• choice “b 11 ... T2 is open 

Pr*C *m reading is correct 

Pr.D ... reading is inoorrect; C52 is short 



o 



Directions 



This book tells how to find bad parts In electronic 
chassis. It will give you practice by means of a set of 
problems . 

Everything you will need to solve these problems Is here 
In the booklet. This Is a scrambled book. As you read through 
the booklet, you will notice at times you will be asked a 
question. Sometimes the questions are of the completion 
type. In the space left for you to complete the question, 
fill in the word or words you think best answers the question. 
You will be told to go to a page where you will find an 
answer to the question you have just answered. Some pages 
have answers to several questions on them. In order to keep 
questions and answers related, the answers are lettered as 
well as numbered. For example, ycu may be told to go to 
page 4-10b # Do not go to 4-10a or 4-10c since /the answer 

will be on page 4-10 b. 

The next page gives the table of contents. Notice 
the location of the diagram. You will use it later on. 

Turn to page and begin. 
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TV Schematic Diagram. . 
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"WITHJN-STAGE TROUBLESHOOTING" 



To 

if-X 



You start "W 1th in- Stage Troubleshooting" after you 
have found a "bad stage. Once you have named the "bad stage » 
you know all of the parts which are connected to the tube 
In that stage. The tube and the parts connected to it are 

shown on the schematic diagram. 

First you should check the tube in the bad stage. 

Second » you should "eyeball" the stage for charred resistors, 
bad solder joints# broken parts* etc. Third* if you can*t 
find the trouble, you then begin using static checks. 

(Resistance measurements) You should use static checks at 
this point because the resistances of the parts don*t 
depend on each other* and you want to have Independent measures 
now rather than over-all measures. On the other hand, when 
the equipment is turned on you should use hot (voltage, 
oscilloscope) checks in measuring stage outputs because the 
parts act together as a whole to cause the overall stage 

output . 

To find the exact part(s) causing the trouble, you 
measure resistance with the set turned o ff . You must prepare 
it for static resistance checks. You do this by grounding 
all power inputs. Why do you ground power inputs?— to make 
small networks of the parts between each tube pin and ground* 

Each network will contain some combination of resistors, 
capacitors, inductors or other specific parts. You, as a repair 
man, must determine which parts in the stage belong in each net- 



From 
ty— 1 




v;ork. All networks are “between tube pins and ground so you start at 
a tube pin to determine each network and trace It to ground. A bad 
part will usually change the resistance value of the network measured 
at the tube pin. The correct resistance values for each tube pin are 
easily figured out from examining the schematic. 

The next Wlthln-Stage Troubleshooting step is for you to 
measure the resistance value of each tube pin until the one is found 
which is bad. The network attached to that pin will contain the bad 
part . You then look at the network schematic to find out if you can 
measure smaller portions of it without unsoldering parts. Assuming 
you can, you continue measuring smaller portions until you have either 
found a single bad part or you must unsolder a connection to separate 

one part of the network from the remainder. 

Sometime tube pin measurements fall to show bad resistance even 
though the stage is known to contain a bad part. In these cases t the 
trouble is a “hidden part.” A hidden part is a faulty part which 
will not produce bad resistance readings at a pin because of the nature 
of the network it is in. There are only a few network circuit arrange- 
ments which produce hidden parts# they are* 




7 C P 



(1) Capacitor in series . 



The resistance at pin 1 in the circuit above will be 



Infinite. This Is the correct reading at pin 1. 



